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1. INTRODUCTION
This report f u l f i l l s  the research contract "An Inform ation Search 
and An Evaluation o f Factors A ffec tin g  Stack Sampling" between the A ir  
Management Branch o f the Ontario Department o f Energy and Resources 
Management and the In d u s tr ia l Research In s t itu te  o f the U n ive rs ity  o f 
Windsor (from hereon in  th is  report ca lled  the In s t itu te ) .
A. AIMS
Under the terms o f the con tract the personnel o f the In s t itu te
were
i .  to search fo r  cu rre n tly  ava ilab le  inform ation 
on stack sampling procedures fo r  gaseous and p a rtic u la te  po llu tan ts
i i .  to  ind ica te  the s ign ificance  o f the fac to rs  
shown to a ffe c t the accuracy o f stack sampling
i i i .  to o u tlin e  a p o s itiv e  program towards the de­
velopment o f standard stack sampling procedures fo r  accurately measuring 
the leve ls  o f gaseous and p a rtic u la te  po llu tan ts  under various stack 
cond itions.
B. PROGRAM DEVELOPMENT
In order to  achieve these contract ob jectives our e ffo r ts  were 
o rg an ized  accord ing  to  th e  fo l lo w in g  scheme.
1
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i .  The in i t i a l  e f fo r t  was d irected p r im a rily  to  a 
comprehensive search o f a l l  ava ilab le  inform ation on stack sampling.
i i .  Next the co llected inform ation was categorized 
lo g ic a lly  using presently acceptable (and independent) stack sampling 
procedures as a basis.
i i i .  A c r i t ic a l  analysis was ca rried  out to  determine 
which factors are most s ig n if ic a n t in  a ffe c tin g  the accuracy o f stack 
sampling.
iv .  F in a lly ,, a r e a l is t ic  program has been recom­
mended fo r  the development o f standard sampling procedures fo r  the
Province o f Ontario.
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I I  INFORMATION SEARCH
The comprehensive search fo r  a l l  ava ilab le  inform ation on stack 
sampling included data co lle c tio n  from the fo llow ing  sources.
A. Open L ite ra tu re
To date from 135 jou rna ls  a to ta l o f 1710 pe rtine n t references have 
been co llected .
B. Testing Laboratories
To date 161 tes ting  labora to ries have been contacted. Of th is  
number 1 has been v is ite d  personally and 68 have rep lied  w ith  useful 
in form ation.
C. Conferences
The fo llow ing  conferences, where re levant papers were presented, 
were attended
Sixteenth Annual Analysis Instrum entation Symposium Instrument 
Society o f America 25-27 May 1970
A ir  P o llu tio n  Control Association
St. Louis, Missouri 15-17 June 1970
In add ition  manuscripts presented at the fo llow ing  conference have 
been obtained
AICHE Today Series, Nov. 15-16, 1969 Washington, D.C.
American In s t itu te  o f Chemical Engineering
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D. Equipment Manufacturers
To date 75 manufacturers o f tes tin g  equipment and 189 manufacturers 
o f p o llu tio n  con tro l equipment have been contacted. Replies have been 
received from 50% o f the tes ting  equipment manufacturers and from 88% 
o f the p o llu tio n  contro l equipment manufacturers.
E. U n ive rs ities
To date 5 3  in s t itu te s  and 38 u n iv e rs it ie s  have been contacted. 
Personal v is i ts  were made to 3 u n iv e rs it ie s  where discussions were held 
w ith fa c u lty  members. S ix ty-n ine  rep lies  have been received.
F. Regulatory Agencies
Letters have been sent to  200 fe d e ra l, p ro v in c ia l, s ta te  and muni­
c ipa l a u th o ritie s  in Canada and the U.S.A. L ite ra tu re  has been received 
from 120 agencies. In add ition  a personal v i s i t  has been made to  1 
agency.
G. Process Industries
Personnel in  charge o f p o llu tio n  contro l in  150 process industries  
have been approached. In v ita tio n s  fo r  p lan t v is i ts  were extended and 
accepted from f iv e  companies. Approximately65% have acknowledged our 
requests.
In sp ite  o f the d is ru p tive  mail s tr ik e  in  Windsor, an over-whelming 
amount o f l i te ra tu re  has been co llec ted . The conventional method o f 
reporting  l i te ra tu re  searches had to be abandoned in  favour o f a data 
bank employing our IBM 360-50 d ig ita l computer.
Appendices I ,  I I ,  I I I  and IV represent the complete resu lts  o f the 
new technique o f provid ing d ire c t and immediate access to in form ation 
required fo r  personnel associated w ith  p o llu tio n  contro l agencies.
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I l l  INFORMATION CATEGORIZATION
In order to  compare the large number o f presently employed stack 
sampling procedures i t  was advantageous to  subdivide the techniques 
in to  three basic pa rts : the p re lim inary survey, p a rtic u la te  sampling
and ana lys is , and gaseous sampling and ana lys is.
A. Basis For Comparison
1. P relim inary Survey
In order to  obtain meaningful measurements o f p a rtic u la te  
loading and gaseous composition in  a stack, the sampling s ite  should be 
selected on the basis o f a pre lim inary survey in  which the fo llow ing  
parameters are considered:
i .  an inspection o f the process to consider mode 
o f operation, expected p o llu ta n ts , normal operating temperatures, 
pressures, and volum etric flow  rates in  the stack, etc.
i i .  A study o f the s tack 's  physical cha ra c te ris tics  
to determine lo ca tio n , accessible and desirab le sampling s ite s , c irc u la r  
or rectangular ducts, stack flow  area, etc.
i i i .  An accurate stack traverse to  measure local 
v e lo c it ie s  and temperatures to determine i f  ideal sampling conditions 
are approximated.
iv .  The determ ination o f sampling points (number 
and loca tion ) to  give the desired accuracy based upon a ll o f the above 
parameters. c
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62. P a rticu la te  Sampling and Analysis
a. Sampling
The fo llow ing  parameters have been used as a basis fo r  
comparison o f stack sampling procedures:
i .  Duration o f sampling
i i .  Incremental or cumulative
i i i .  Iso k in e tic  versus non-isok ine tic
iv .  Nozzle and probe ch a ra c te ris tics
v. Nozzle and probe sizes
v i . Sampling capacity
v i i .  Recommended number o f sampling points and
loca tion
v i i i .  Metering and gas moving devices
b. Analysis
The fo llow ing  parameters have been used as a basis fo r  
comparison o f p a rtic u la te  analyses:
Q u a lita tive  d is t in c t io n  w ith  respect to
p a r t ic le  size
Size C la s s ific a tio n  
g r i t  
dust
soot
P a rtic le  Diameter
>76 u
greater than 1 u 
less than 76 u
<1  u
i i .  Q uantita tive  d is t in c t io n  w ith respect to  type
and amount
i i i .  C o llec tion  tra in  (cyclone, impingers, f i l t e r s ;  
e tc . and various combinations).
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3. Gaseous Sampling and Analysis
a. Sampli ng
The fo llow ing  parameters have been used as a basis fo r  
comparison o f stack sampling procedures:
i .  Single po in t versus traverse
i i .  Is o k in e tic  versus non -isok ine tic
i i i .  Sample size
iv . Type of probe
v. Size of probe
v i . Special precautions ( fo r  condensation, e tc .)
b. Analysis
The fo llow ing  parameters are being used as a basis fo r  
comparison o f gaseous analysis:
i .  Remote versus in s itu  in s ta lla t io n
i i .  S pec ific  versus multi-component (S0 2 , CO,
NO, NO2 , e tc. or various combinations)
i i i .  A na ly tica l approach
^  i
tra d it io n a l non-automated automated on-
wet chemistry instrumental techniques stream monitoring
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IV ANALYSIS OF ACCEPTABLE STACK SAMPLING PROCEDURES
A. Stack Sampling Procedures Under Consideration
Tables I ,  I I ,  I I I ,  IV and V provide convenient comparisons o f 45 
re a d ily  ava ilab le  stack sampling procedures. A c r i t ic a l  analysis 
o f these data has been carried  out to  determine which parameters are 
most s ig n if ic a n t in  a ffe c tin g  the accuracy o f stack sampling.
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9T A B L E T  C O M P A R I S O N  O F  S A M P L I N G  P R O C E D U R E S
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
Western 
P re  c i p i  -  
t a t io n
WP-50
1936-48-51-
56-58-68
[ i ]
Denotes
re fe re n ce
number
S tr a ig h t  s e c t io n  o f  f lu e  
8 tim es d iam e te r away from 
bends o r  o th e r  f lo w  d is ­
tu rbances . P re l im i nary 
survey w ith  P i to t  tube to  
de te rm ine  v e lo c i t y  f lu c t u -  
a t i  ons
Equal Area P r in c ip le
Area ( f t 2 ) P o in ts
< 2  4 
2-25 12 
> 25 20 o r  more
Zone areas determ ined by 
re q u ire d  number o f  p o in ts . 
P o in ts  lo c a te d  a t c e n tre  o f  
zone area f o r  re c ta n g u la r  
s ta c k s . For c ir c u la r  s tacks
Rn = d is ta n c e  from  ce n tre  to  
n ' t h  p o in t  
d = d iam e te r
n = n 't h  p o in t  from  ce n tre  
N = number o f  read ings 
across d iam e te r
Is o k in e t ic As long as pos­
s ib le .  Cover one 
o r  more cyc le s  f o r  
cyc l ic  p rocess . 
Never le ss  than 
30 m inu tes . 2-6 
hours recommended.
BCURA
1961-68
[2 ]
Downstream from  any device  
where any p a r t ic u la te  may 
be d e p o s ite d . Not c lo s e r  
than 1 f lu e  d ia m e te r to  
any upstream d is tu rb a n c e ', 
where gas f lo w in g  sub­
s t a n t i a l ly  p a r a l le l  to  f lu e  
a x is . Where gas v e lo c i t y  
n o t le ss  than  0 .0 2  in .  w .g . 
(abou t 12 f t / s e c )
*
1 c e n tre  + 48 
4 c e n tre  ± 45 
4 p o in ts  + 15 
8 p o in ts  ± 8 1 /2  
16 p o in ts  +  5 1/2 
24 p o in ts  ±  4 1/2
*  E stim ated  accuracy o f  
mass f lo w
Zone areas always determ ined 
by re q u ire d  number o f  p o in ts .  
P o in t lo c a t io n  a t ce n tre  o f  
zone areas f o r  re c ta n g u la r .  
For c i r c u la r  p o in ts  lo ca te d  
on c i r c le  o f  d iam e te r
d / V T
o r  h a l f  on D/2 and h a l f  on
d / Y v F
I s o k in e t ic As long as pos­
s ib le .  10 m inute  
minimum f o r  a 
s in g le  p o in t
10
m inutes
5
minimum
Research 
C o t t r e l1
1955-57-68
V a r ia t io n  
o f  ASME 
PTC 21 - 
1941
[3 ]
S t r a ig h t  run o f  f lu e  a t 
le a s t  10 tim es la rg e s t  
in n e r  d im ension from  tu rn in g  
vanes, s p l i t t e r s ,  bends o r 
c o n s t r ic t io n s .  Area to  
g iv e  v e lo c i t y  heads 
m easurable w ith  a 1 in ch  
in c l in e d  d r a f t  gauge.
ASME PTC recommendations 
when v e lo c i t y  range does no t 
exceed 2 to  1.
12-20 p o in ts  f o r  s tacks  
>25 f t 2 . 8 -12 p o in ts  f o r  
s m a lle r  s tacks
For re c ta n g u la r ,  zone areas 
dete rm ined  by re q u ire d  
number o f  p o in ts  w ith  one 
lo c a te d  a t  c e n tre  o f  zone 
a rea . For c i r c u la r
r  y - i j a  +  .<vz,2 ,
n 3 ,1 4 1 6
Rn = d is ta n c e  from  c e n tre  to  
n ' t h  p o in t  in  inches r 
a = area o f  zone r in g  in  in
Is o k in e t ic A t le a s t  1 hour 
o r  long enough to  
c o l le c t  sample 
th a t  can be 
weighed w ith  
reasonab le  
accuracy
ASME 
PTC 21 
(1941)
PTC 27
(1057)
[4 ]
S t r a ig h t  run o f  v e r t ic a l  
f lu e  a vo id in g  sudden 
changes in  a re a , d i r e c t io n  
o f  f lo w ,  e s p e c ia l ly  90 
bends
Equal area o f  equal s iz e  
and shape f o r  re c ta n g u la r  
s ta c k s . When range o f  
v e lo c i t ie s  does no t exceed 
2 to  1. 1 2 -2Q p o in ts  f o r  
s ta cks  >25 f t  , 8 -12 p o in ts  
f o r  s m a lle r  s tacks
A p o in t  w i l l  be loca ted  a t  
th e  c e n tre  o f  each zone area 
where zone areas are 
determ ined by number o f 
p o in ts .  For c i r c u la r ,  
p o in ts  lo c a te d  as p o in ts  f o r  
fan  te s ts  .316R, .598R, 
,707n , .C37p , .9C1P where 
R is  d is ta n c e  from  c e n tre .
I s o k in e t ic Minimum le n g th  
o f  tim e  s h a l l  be 
two hours unless 
o th e rw is e  agreed
10
m inutes
USPHS (APCA 
67-119)
June 1967
W.S. Sm ith 
R.M. M a rtin  
D.E. D u rs t 
R.G. Hyland 
T .J . Loqan 
C.B. Hager
[5 ]
On the  s p o t in g e n u ity  is  
re q u ire d  to  de te rm ine  how 
to  g e t sam pling equipm ent 
to  the  sample o o r t
In  re c ta n g u la r  d u c t d iv id e  
in to  equal a reas.
In  a c i r c u la r  d u c t ,  d iv id e  
in to  equal c o n c e n tr ic  areas. 
The number o f  equal areas 
chosen depends on th e  s iz e  
o f  th e  d u c t and accuracy 
d e s ire d .
Sample a t  th e  c e n tre  o f  each 
area in  re c ta n g u la r  duct
Sample in  th e  c e n tre  o f  each 
area on both s id es  o f  th e  
c e n tre  o f  c ir c u la r  duc t.
I s o k in e t ic G e n e ra lly  
5 o r 10 
m inutes 
per
tra v e rs e  
p o in t  is  
adequate
Research
A p p liance
Company
O ctober 
1969 [6 ]
Same as USPHS APCA 67-119 Same as USPHS APCA 67-119 Same as USPHS APCA 67-119 I s o k in e t ic Same as 
USPHS 
APCA 
67-119
USPHS 
S p e c if i-  
cetti ons 
fo r
In c in e ra to r  
T e s tin g  a t 
Federa l 
F a c i1i t i e s
O ctober
1967
[7 ;
A t le a s t  8 s ta c k  d iam eters 
downstream from  any bend, 
expa ns ion , c o n tra c t io n  
o r  v is ib le  f la m e , and a t 
le a s t  2 d iam e te rs  upstream  
from  any bend and 
o b s t r u c t i  on.
When sam pling a t  th e  e x i t  
o f  a s ta ck  o r  f lu e ,  in s t a l l  
an e x te n s io n  a t  le a s t  2 
d iam e te rs long above th e  
p o in t  a t  wh ich probe is  
in s e rte d  in to  th e  f lu e .
For less than 8 s ta ck  
d ia m e te rs :s tra ig h t  f lu e  run 
o f  6 -8  s ta c k  d iam eters 
double th e  number o f  
sam pling p o in ts ,  4 -6  s ta ck  
d iam eters -  t r i p l e  the  
number o f  sam pling  p o in ts  
<4  d iam eters no v a l id  
tra v e rs e  can be made.
Equal Area P r in c ip le  
S tack 0 Number o f  Areas 
1 o r <  1 2
1-2 3
2-4  4  
4-6  5
> 6  6 o r  more
R e c tan gu la r o r  Square
Area ( f t 2 ) P o in ts  
< 2 4 
2-12 6-25 
> 12  >25
Equal area s h a l l no t exceed 
0 .5  f t 2
W ith re c ta n q u la r  ducts  o r
s tacks  p o in ts  a re  in  the
ce n tre  o f  each square area .
For c i r c u la r  s tacks  each 
p o in t  a long a s ta ck  d iam e te r 
c a lc u la te d  .--------,___
P = % o f  s ta c k  d iam e te r from  
in s id e  w a ll to  t ra v e rs e  
p o in t
a = to ta l  number o f  areas 
j  = number o f  th e  area f o r  
w h ich  lo c a t io n  is  being 
c a lc u la te d ,  1 ,2 ,3 ,  from  
c e n tre  outward
*  Formula g ives  1 /2  o f  va lues 
needed, o th e r  1 /2  is  
d i f fe re n c e  o f  each % from
100
I s o k in e t ic  
A l l  p a r ­
t ic u la t e  
sam pling 
shou ld  be 
w ith  ±10% 
o f  is o ­
k in e t ic  
c o n d it io n s . 
Gas f lo w  
"a te  s h a ll 
have the 
fo llo w in g  
p re c is io n :  
< 0 .1  inch
h 2o
s e n s i t i v i t y  
o f  .001 in .  
H~0
> 0.1 in ch
h 2o
s e n s i t i v i t y  
o f  .01 in .
H2°
Each t e s t  s h a ll
c o n s is t  o f  two 
runs . For 
p a th o lo g ic a l 
in c in e ra to rs  each 
run s h a l l be 1 h r .
be p iaced at 
fe re n ce  poi 
s ta ck  throuc 
1 hour te s t  
p o s i t io n  o f 
fe re n ce  po i 
correspond 
p o in t  o f  av 
s ta ck  ve loc  
determ ined 
p i t o t  tra v e  
p re lim in a ry
When p a th ­
o lo g ic a l 
in c in e r a ­
to rs  are 
sampled 
the  p a r­
t i  c u la te  
samp 1i ng 
probe wi 11 
one re - 
i t  in  the 
hout th e  
The 
the  re - 
i t  s h a ll 
. 0  the  
2rage 
t y  as 
>y the  
"se o f  the 
ru n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
T A B L E  I C O M P A R I S O N  O F  S A M P L I N G  P R O C E D U R E S ( C 0 N T 1 D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
Kentucky
A ir
P o llu t io n
C o n tro l
Commission
Recommended
Procedure
f o r
In c in e ra to r  
Performance 
T e s t As 
Requi red 
By
R e g u la tio n
#3
[8 ]
Same as USPHS
Under no c ircum stances 
s h a l l  sam pling take  
p la ce  in  flam e f r o n t .
Determ ine sam pling p o in ts  
based on equal area zones 
us ing  method o f  Los Angeles 
" A i r  P o llu t io n  Source 
T e s tin g  Manual"
November 1965
Mark d is ta n ce s  on sampling 
probe and p i t o t  tube accord­
in g ly
For round s tack
The same p o in ts  used in  
making v e lo c i t y  t ra v e rs e  
s h a ll be used in  o b ta in in g  
p a r t ic u la te  samples.
Is o k in e t ic
w ith in
10%
A com ple te run 
c o n s t itu te s  samp- 
1 ing in  a f u l l  
s ta c k  t ra v e rs e .  
There s h a l l be 
th re e  sepa ra te  
ru n s , th e  average 
o f  a l l  th re e  runs 
is  cons ide red  to  
be th e  a c tu a l 
em iss ion  from  
th a t  in c in e r a to r
Each 
s amp 1e 
d u ra t i on 
shou ld  be 
no t less 
than 1 h r . 
o r f o r  
the
d u ra t io n  
o f  a com­
p le te  
c y c le
Kentucky
A ir
P o llu t io n
C o n tro l
Commission
Recommended
Procedure
f o r
Waste
Burner
Perform ance
T est
As
Requi red 
By
R e g u la tio n
#4
[9 ]
Sampling lo c a tio n s  w i l l  
be a t  th e  o u t le t  open ing.
D is t r ib u t io n  o f  sam pling po i 
by methods s e t f o r t h  in  A.S 
B u l le t in  WP50 a t th e  d is c re ' 
T e ch n ica l S t a f f ,  o th e r  sampl 
nece ssary , ( in te r n a l dampers
n ts  n o rm a lly  to  be determ ined 
M.E. T est Code 27 (1957) o r 
io n  o f  th e  Comm ission's 
in g  p o s it io n s  may be deemed 
which r e s t r i c t  th e  o u t le t )
I s o k in e t ic As a genera l r u le ,  
more a ccu ra te  
re s u lts  are  
ob ta in e d  through  
lo n g e r sam pling 
t im e . In  no case 
s h a l l  the  t e s t  
run le ss  than 
30 mi n u te s .
d u r in g  th e  te  
th a t  in d iv id u  
l in g  p e rio ds  
p o in t  equals 
t o ta l  sample
Each 
p a r­
t i  c u la te  
sample 
s h a l l  be 
o b ta ined  
as a
com posite 
one ( i . e .  
c o l le c te d  
f o r  a l l  
sam pling 
p o in ts  
s t  run so 
a l samp- 
a t  each
p e r io d
no. o f  sample p o in ts
In c in e ra to r
I n s t i t u t e
o f
Am erica
B u l le t in
T-6
" In c in e ra to r  
T e s tin g "  
ilune 1967
[1 0 ]
Not s p e c if ie d 3 p o in ts  f o r  tra v e rs e  o f 
chimney area
A t c e n tre ,  a t  midway p o in t  
between f a r  edge and ce n tre  
and a t  mid p o in t  between 
near edge and c e n tre
I s o k in e t ic Sampling s h a l l  be 
con tin uous f o r  a 
p e r io d  o f  3 hours 
excep t th a t  a 
15 m inu te  p e r io d  
is  a llow ed  a t  the  
end o f  each 45 
m inutes to  change 
f i l t e r  n r  
c o l le c t io n  medium.
3 hours 
less 
45 m in. 
f o r
c o l le c to r  
changes
The
Ducon
Company
In c .
ED -5 /67-2
V a r ia t io n  
o f ASME 
PTC 21 and 
PTC 27 and 
IGCI 
"T e s t 
Procedure 
For Wet 
S crubbers" 
[1 1 ]
As ASME PTC 21 and ASME PT 2 27 and IGCI "T e s t P rocedure Fo r Wet S crubbers" Is o k in e t ic
w ith in
10%
ASME PTC 21 and PT 
IGCI "T e s t Procedu 
Wet S crubbers"
C 27 o r 
re  For
The
Ducon
Company
"S tack
Sam pling"
Paper A t
18th
V e n t i la t io n
and
A ir
P o llu t io n
C o n tro l
Conference
[1 2 ]
S t r a ig h t  run  o f  duc t 6-8  
d iam eters from  any tu rb u ­
le n t  areas (e lbo w s , t r a n s i -  
t o r s , e t c . ) .
I f  s t ra ig h te n in g  vanes in  
th e  form  o f  an egg c ra te  
used, t e s t  lo c a t io n  cou ld  
be w i th in  2 duc t d iam eters 
downstream o f  th e  vanes.
Equal area p r in c ip le Zone areas determ ined by 
re q u ire d  number o f  p o in ts .  
P o in ts  lo c a te d  a t  th e  ce n tre  
o f  zone area f o r  re c ta n g u la r  
s ta c k s .
For c i r c u la r  s tacks
R .  d  -> /  —  - ]  
n V  4 N  1 
d = d iam e te r 
R = rad iu s
N = number o f  p o in ts  in  one 
d iam e te r
P o in ts  a t .176d , .307d,
.395d , . 466d from  ce n tre
I s o k in e t ic Not s p e c if ie d  
d i r e c t ly  excep t 
by im p l ic a t io n  to  
be long enough to  
sample a l 1 p o in ts  
f o r  p e rio ds  
dete rm ined  by 
d u s t lo ad in g
Sampling 
tim e  is  
d e te r ­
m i n e d  b y
dust
lo a d in g
and
m a te r ia l
charac-
t e r i s t i c s
H igh dus t 
lo ad in g  
2 m inutes 
pe r p o in t
Low dust 
lo ad in g  
as h igh 
as 10 
m inutes 
o r more 
f o r  each 
p o in t
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T A B L E  I C 0 M P A R I S 0 N  O F  S A M P L I N G  P R O C E D U R E S  ( C O N T ' D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
County o f  
Los Angeles 
Source 
T e s tin g  
Manual
1963-65
[1 3 ]
Top o r o u t le t  o f  th e  s ta c k . 
In  ductw ork le a d in g  to  o r 
w i th in  c o n tro l equipm ent 
n o rm a lly  8 to  10 p ipe  
d iam eters downstream from  
f lo w  d is tu rb a n c e s .
I f  process d ischa rges  
d i r e c t ly  to  atm osphere, 
p ro v is io n  must be made fo r  
hooding and v e n tin g  em is­
s io ns  th ro ugh  s u ita b le  
d uc t to  a l lo w  f o r  sam pling 
and gas f lo w  measurement.
Equal area p r in c ip le .
C o n ce n tric  equal areas f o r  
c i r c u la r  stacks
R e c ta n g u la r equal areas f o r  
re c ta n g u la r  s ta c k s . Number 
o f  areas depends on f lo w  
p a t te rn  and s iz e  o f  s ta c k .
For c i r c u la r  s tacks  use 
USPHS " In c in e ra to r  T e s t in g ” 
b a s is .
P o in ts  are  a t  c e n tre  o f each 
re c ta n g u la r  area .
For c i r c u la r  s tacks  lo c a t io n  
o f  each p o in t  a long a s tack  
d ia m e te r c a lc u la te d  from
as USPHS " In c in e r a to r  T e s t­
in g "  Code
Is o k in e t ic
D e v ia tio n s  
from  is o ­
k in e t ic  
c o n d it io n s  
a llow ed  
when max. 
p a r t ic le  
s iz e  is  
5u o r  less 
in  d iam eter
For c y c l ic  o r 
ba tch  process 
samples must be 
c o l le c te d  over a 
s u f f i c ie n t  le n g th  
o f  t im e  to  
ensure re p re ­
s e n ta t iv e  average 
sample o f  th e  
p rocess . T o ta l 
sam pling tim e  o f  
1 hour u s u a lly  
s u f f i c ie n t
Manufac­
tu r in g
C hem ists '
A s s o c ia t io n
In c .
" A i r
P o llu t io n
Abatement
Manual"
1952
[1 4 ]
References suggest a t 
le a s t  10 s ta ck  d iam e te rs 
from  n e a re s t o b s t ru c t io n .
Remove th e  samples con­
ta in in g  th e  p a r t ic u la te  
m a tte r  from  th e  s tream  in  
a s u f f i c ie n t  number o f  
samples to  re p re s e n t th e  
e n t i r e  f lo w .
BSI recommendation o f  
24 sam pling p o in ts
Not s p e c i f ic ,  must choose 
from  s p e c i f ic  re fe re n ce s
Is o k in e t ic Not s p e c if ie d Not
s p e c if ie d
American 
Petro leum  
In s t i  tu te  
Manual 
On D isposa l 
Of R e fin e ry  
Wastes
1954
[1 5 ]
API Method 751-54 , 755-54
A d is ta n c e  equal to  10 tim es 
th e  in s id e  d ia m e te r o f  f lu e  
is  cons ide red  s u f f i c ie n t  to  
overcome d is tu r b in g  e f fe c ts  
o f  dampers, bends, e tc .
API Method 755-54
Lay o u t c ross  s e c t io n  o f  
f lu e  in  a number o f  equal 
a reas . Number o f  a reas to  
be la rg e  enough to  in s u re  a 
reasona b ly  a ccu ra te  measure­
ment o f  th e  average v e lo c i t y  
o ve r the  e n t ir e  cross 
s e c t io n .
API 755-54
The c e n tre  o f  each area w i l l  
be p o in t  where v e lo c i t y  
measurement w i l l  be taken.
Is o k in e t ic The lo n g e r the  
more a c c u ra te .
T e s t p e r io d  shou ld  
cover 1 o r  more 
com ple te  c y c le s , 
shou ld  be long 
enough to  cover 
v a r ia t io n s  when 
a p p re c ia b le  
volume v a r ia t io n s .  
Mot le ss  than 30 
m in u te s ; 2 to  6 
hours p r e fe ra b le .
Basi c a l ly  
from  a 
p r e l im i­
nary o r 
t r i a l  
t e s t
USPHS 
Source 
Sampli nq 
For
A tm ospheric  
P o llu ta n ts  
T ra in in g  
Course 
Manual In  
A i r
P o llu t io n
1965
[1 6 ]
The sam pling s i t e  shou ld  
be lo ca te d  in  a long 
s t r a ig h t ,  c i r c u la r ,  
v e r t ic a l  s e c t io n  o f  d u c t ,  
5 to  7 d iam e te rs  lo n g , 
f re e  from  f lo w  d is tu r b in g  
o b s tru c t io n s .
Equal a rea p r in c ip le  f o r
re c ta n g u la r  ducts
Area ( f t ^ )  Number o f  Areas
< 2  4 
2-25 12 
>25 20 
«■
For c i r c u la r ,  d iv id e  X- 
s e c t io n  in to  equal a n n u la r 
areas . Tab le  on Page 4 .13  
g iv e s  number o f  areas f o r  
d iam e te r
Sampling p o in t  a t  c e n tro id  
o f  each e lem e n ta l a rea .
For c i r c u la r  duc ts  lo c a te
d / ( n - l ) a t a / 2  
1 3.1416
as R e s e a rch -C o ttre l 1.
I s o k in e t ic No S p e c if ic a t io n 5-10 m in. 
i f  f lo w  
p a t te rn  
v a r ia t io n  
<  5%
o th e rw ise  
> 30 m in.
AIChE 
Today 
S e rie s  
In tro d u c ­
t io n  
to  A ir  
P o llu t io n  
C o n tro l 
B .B .C ro cke r 
K .B .S ch n e lle
1969
[1 7 ]
F ind a d u c t lo c a t io n  where 
p a r t ic le s  can be cons idered  
to  be w e ll m ixed and 
ra th e r  u n ifo rm ly  d i s t r i ­
bu ted . G e n e ra lly  b e t te r  
to  sample a t  th e  a c tu a l 
o u t le t  to  th e  atmosphere
Equal a rea p r in c ip le  using 
a n n u la r r in g s  f o r  c i r c u la r  
du c ts .
10 p o in t  t ra v e rs e  on s in g le  
d ia m e te r g ives  mean v e lo c i t y  
th e o r e t ic a l ly  h igh  by 0.3%.
A 20 p o in t  t ra v e rs e  g ive s  
0.1% h ig h .
WP-50 recommendations a p p ly . I s o k in e t ic Not s p e c i f ie d Time * 
q u a n t i ty  
o f  sample 
des i red 
d i v i ded 
by th e  
sam pling 
ra te .
American 
Foundrymen 
S o c ie ty  & 
The Gray 
& D u c t i le  
Iro n
Founders' 
S o c ie ty  Inc  
J o in t  Commit 
P ra c t ic e  fo  
P a r t i c u la te  
I ro n  Foundry 
f o r  General 
ASME PTC 27 
1969-70
As f a r  above th e  to p  o f  
the  charge doo r opening 
as p r a c t ic a l  b u t be a t  
le a s t  an e q u iv a le n t cupo la  
in s id e  d ia m e te r below th e  
top  o f  th e  cupo la  s ta c k .
te e  "T e n ta t iv e  
* T e s tin g  o f  Dry 
Em issions from  
Cupolas (N ot 
C ir c u la t io n )  
v a r ia t io n
[ IS ]
ASME PTC 27 determ ines the  
number o f  t e s t  p o in ts .  
Minimum o f  10 to  be used as 
sam pling p o in ts  in  t r a v e r ­
s in g  s ta ck  in  d u s t lo a d in g  
t e s t  runs . A d d it io n a l 
p o in ts  re q u ire d  when m axi­
mum to  minimum v e lo c ity  
v a r ia t io n  in  v e lo c i t y  p ro ­
f i l e  approaches o r  exceeds 
a 2 to  1 f ig u r e .
ASME PTC de term ines lo c a t io n  
o f  t e s t  p o in ts .  Im p o rta n t 
th a t  dus t sam pling  be con­
ducted a t  each t e s t  p o in t .  
Wrong to  use le ss  te s t  
p o in ts  d u rin g  d u s t lo ad in g  
te s t  runs than f o r  v e lo c ity  
checks .
I s o k in e t ic Minimum o f  60 
m inutes a c tu a l 
d u s t sam pling f o r  
t e s t  runs.
Minimum
sam pling
schedule
c o n s is ts
o f
sam pli ng 
f o r  6 
m inutes 
a t  a 
p o in t
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T A B L E  I C O M P A R I S O N  O F  S A M P L I N G  P R O C E D U R E S  ( C O N T ' D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
American 
Ai r  Fi I t e r  
Company In c . 
R eport 139
1956
5 in c h  Dust 
Sampler 
13 in ch  Dust 
Sam pler 
O p e ra ti ng 
I n s t r u c t i  ons 
[1 9 ]
Where gas v e lo c i t ie s  
1000-5000 f t / m in .
I f  measurements to  be made 
in  a s h o r t  d u c t w ith  90 
elbows a t  e i t h e r  end , th e  
b e s t p o s i t io n  would be 
about 2 /3  o f  th e  duc t 
le n g th  from  upstream  elbow. 
Ten d u c t d ia m e te rs  from  
upstream  d is tu rb a n c e  would 
show homogeneous f lo w  in  
long d u c ts .
Equal area p r in c ip le .  
R e c ta n g u la r d u c t areas 
e a s i ly  dete rm ined
■iN =1 / X -s e c t io n a l a rea  f t
A t c e n tre  o f  each area .
For c i r c u la r  duc ts  p o in ts  a t 
R
Is o k in e t i  c Not s p e c if ie d Not 
s p e c if ie d
h i JU TV 4 N
d and Rn in  inch  
Same as WP-50.
I n d u s t r ia l  
Gas C lean ing  
I n s t i t u t e ,  
In c .
IGCI E-P2 
Wet
C o lle c to rs  
D iv is io n  
P u b lic a t io n  
No. 1
1964-65
A s t r a ig h t  v e r t i c a l  run  o f  
d u c t p re ced ing  p o in t  o f  
measurement is  p r e fe r r e d ;  
when no t a v a i la b le  a vo id  
lo c a t io n s  nea r sudden 
changes in  area  o r  
d i r e c t io n  o f  d u c t ,  
e s p e c ia l ly  90° bends.
Equal a rea p r in c ip le  
Minimum number o f  areas
For round ducts
0 in
T ra ve rse  
Area f t P o in ts
< 12 1.0 6
12-24 3 .0 8
24-48 12.0 20
48-60 20.0 24
> 60 +20 .00 depend
Where v e lo c i t ie s
on v e lo ­
c i t y  
p r o f i l e
va ry  more
P o in ts  lo c a te d  a t  c e n tre  o f  
each a rea .
In  round d u c ts ,  t e s t  p o in ts  
s h a l l  be chosen on m u tu a lly  
p e rp e n d ic u la r  axes
Is o k in e t ic
R = d 
h
As WP-50
2 h 
4  N
than 2 to  1 , more p o in ts  
needed to  in s u re  low m arg in 
o f  e r r o r .
[20]
Should  co ve r a t 
le a s t  one f u l  1 
c y le  o f  o p e ra t io n
One c r i t e r io n  to  
be met a t  le a s t
1. Sam pling has 
co n tin u e d  f o r  
2 hours
Minimum o f  ^
150 d ry  s td  f t J 
o f  gas has been 
sampled
3. Dust sample 
equal in  w e ig h t 
to  a t  le a s t  30% 
o f  th e  w e ig h t 
o f  f i I t e r i n g  
medium o b ta in e d
A t le a s t  
5 m in.
N a ti onal 
Dust
Col le c to r  
Corp.
R eport #177 
In s t r u c t io n s  
f o r  Sampling 
P a r t i  c u la te s
1968
[ 21]
I d e a l ly ,  sam p ling  s ta t io n  
sh o u ld  be preceded by 10 
d iam e te rs  o f  s t r a ig h t  p ip e  
and fo llo w e d  by 4 d iam e te rs
A vo id  sam o linq  beh ind  f lo w  
d is tu rb a n c e s . I f  p o s s ib le  
p o r ts  shou ld  be lo c a te d  
on bottom  o f  d u c t r a th e r  
than to p .
I f  sam p ling  p o s i t io n  no t 
id e a l ,  e x t ra  p o in ts  shou ld  
be in c lu d e d  in  th e  p i t o t  
t ra v e rs e .
Equal a rea D r i n c i p l e .
Same as IGCI code f o r  
round d u c ts . In c re a se  
number o f  p o in ts  when 
v e lo c i t ie s  v a ry  by more 
than 2 to  1.
P o in ts  lo c a te d  a t  c e n tre  o f  
each equal a re a .
Is o k in e t ic Not s p e c if ie d Not
s p e c if ie d
Same as WP-50.
Gelman
In s tru m e n t
Com pany
Te ch n ica l
B u l le t in  503
T e ch n ica l
B u l le t in  7
1966
V e r t ic a l s ta c k  o r  d u c t ru n , 
a t  le a s t  7 d ia m e te rs  down­
stream  and 3 d iam e te rs  up­
stream  from  any p o in t  o f  
f lo w  tu rb u le n c e . A round 
s e c t io n  o f  d u c t is  p re ­
fe r r e d  ove r a re c ta n g u la r  
one.
Equal a rea p r in c ip le .
Areas o f  one f t *  o r  le ss
For round d u c ts  neve r le s s  
than 4 p o in ts .
For r e c ta n g u la r  d u c ts  never 
le ss  than  9 p o in ts .
P o in ts  lo c a te d  a t  c e n tre  o f  
each a rea .
T a b u la r  lo c a t io n  o f  t e s t  
p o in ts  f o r  c i r c u la r  ducts 
from
Is o k in e t ic Not s p e c if ie d Not 
spec i f i  ed
Round Duct 
Area f t *
<2
2-8
8 -1 2
12-16
16-24
T o ta l P o in ts  
in  two t r a ­
verses a t 90°
12
16
24
R = d  
h A
2 n
4  N
- 1
[ 2 2 ]
I f  v e lo c i t y  v a r ia t io n s  
exceed 2 to  1 a d v is a b le  to  
doub le  o r t r i p l e  th e  number 
o f  p o in ts .
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T A B L E  I C O M P A R I S O N  O F  S A M P L I N O  P R O C E D U R E S  ( C O  N T 1 D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
Hydro -  
E le c t r i c  
Power 
Commission 
o f  O n ta r io
January
1966
V a r ia t io n  
o f  BCURA
[2 3 ]
V e lo c i ty  to  be measured 
where gas f lo w  is  as 
u n ifo rm  as p o s s ib le .
Could be as much as 8 
tim es the  d u c t d ia m e te r 
a f t e r  a bend. I f  p i t o t  
tube  p re ssu re  changes by 
more than 1 /3  f o r  an 
a ng le  o f  20 > f lo w  is  no t 
s u f f i c ie n t l y  p a r a l le l  to  
d u c t.
I f  range o f  v e lo c i t ie s  does 
no t exceed about 2 to  1,
24 p o in ts  may be used on 
la rg e  duc ts  exceeding 
100 f t 2  x - s e c t io n a l a rea .
Use equal area p r in c ip le .
A t th e  c e n tre  o f  each area . 
For c i r c u la r  d u c ts ,  use 
a n n u la r  areas w ith  p o in ts  
lo c a te d  on d ia m e te rs  60° 
a p a rt .  Loca te  p o in ts  accord ­
in g  to  ? /  \
2 F T (2 p  -  l )
P ~  H
r  = c e n tre  o f  d u c t to  p o in t  
P p d is ta n c e  
R = duc t ra d iu s  
p = p o in t  numbered from  
c e n tre  outwards 
n = t o t a l  number o f  p o in ts
Depth o f  in s e r t io n  ta b le  
a ls o  p ro v id e d  f o r  convenience
Is o k in e t ic Over 4 hours f o r  
24 p o in t  t ra v e rs e
Can n o t 
be much 
1onger 
than  10 
m inutes
Bay Area 
A ir
P o l lu t io n
C o n tro l
D i s t r i c t
Source
T est
Methods
1960-61
[2 4 ]
Always lo c a te d  downstream 
fro m  a l l  a i r  p o l lu t io n  
abatem ent d e v ic e s . P re ­
fe ra b ly  in  a v e r t i c a l  
s e c t io n  o f  d u c t ;h o r iz o n ta l 
s e c t io n  second c h o ic e .
Meed lo n g e s t s e c t io n  o f  
s t r a ig h t  d u c t a v a i la b le  
a f t e r  th e  la s t  gas c le a n ­
in g  o p e ra t io n  o r  o b s tru c ­
t io n  to  s t r a ig h t  f lo w .  
T e s t s e c t io n  to  be p o s i­
t io n e d  a t  2 /3  o f  the  
d is ta n c e  a long  th e  le n g th  
o f  t h is  s e c t io n  as 
measured from  i t s  up­
stream  end. Minimum 
c le a ra n c e  o f  6 fe e t  
between te s t  co n n e c tio n  
on a 3 fo o t  0 d u c t and 
any o b s t ru c t io n  o p p o s ite  
th a t  p o in t  on th e  d u c t.
An in c re a se  o f  1 fo o t  
c le a ra n ce  f o r  eve ry  fo o t  
in c re a se  in  0 o f  th e  d u c t 
is  necessary .
Equal area p r in c ip le  
D iam ete r Minimum Number 
( In c h e s ) Of Equal Areas
0-10 2 
10-18 2-3  
18-28 3-4  
28-42 4 -5  
42-96 5-6  
> 96 Minimum o f  6
I f  gas v e lo c i t y  e r r a t i c  
use la rg e r  number o f  equal 
a reas.
Sam pling p o in ts  a t c e n tre  o f  
each area .
F or c i r c u la r  duc ts  lo c a te  
p o in ts  on d ia m e te r 90° a p a rt 
a cco rd in g  to
L n -  R ~ \ J  2 n
Ln = c e n tre  to  p o in t  d is ta n c e  
N = number o f  equal areas 
n = p o in t  number from  ce n tre
Is o k in e t i  c Not s p e c if ie d Minimum 
o f  5 
mi nutes 
where 
fe a s ib le  
from  
process 
s ta n d ­
p o in t
Tennessee
V a lle y
A u th o r i ty
A i r  Q u a li ty
Branch
"An
E xe rc ise  
In Source 
Sam pling 
Methods" by 
J .R . Duncan 
and
A .E . Owen, 
J r .
March 1970 
[2 5 ]
A t le a s t  7 s ta c k  d ia ­
m ete rs beyond any f lo w  
d is tu rb a n c e . A d v isa b le  
to  sample in  a round 
s ta c k  s e c t io n .
Equal area p r in c ip le  
Area o f  1 f t ^  o r  le s s .
For c i r c u la r  s tacks  
on two d iam e te rs  90° 
a p a rt  a t no t le s s  than  4 
p o in t s .
Bay Area s p e c i f ic a t io n  f o r  
number o f  equal a re a s .
R e c ta n g u la r s ta cks  to  be 
d iv id e d  in t o  equal squares 
o f  n o t le ss  than  1 f t  .
A t th e  c e n tre  o f  each a rea . 
Loca te  p o in ts  on d ia m e te r
I s o k in e t ic Not s p e c if ie d Not
s p e c if ie d
L  /  ( n —i ) q  + q / 2  
n _  y  3 .1 4 1 6
S im i la r  to  R e s e a rc h -C o ttre l1 
P rocedure .
Departm ent 
o f  P u b lic  
H e a lth  
A ir
P o l lu t io n
C o n tro l 
F o r t  W orth , 
Texas
R e g u la tio n
#1
[2 6 ]
The amount o f  p a r t ic u la te  rr 
made a p a r t  o f  t h is  R egula t 
d e te rm in a t io n s  w i th in  any t  
accordance w ith  good p ro fe s
a t t e r  e m itte d  from  a s ta c k  sha l 
io n  by re fe re n c e . Com pliance s 
w e n ty - fo u r  hour p e r io d .  Any o t 
s io n a l p r a c t ic e .
1 be measured a cco rd in g  to  ASM 
h a l l  be de te rm ined  on th e  basi 
h e r  method approved by th e  Exe
I PTC 27. T 
o f  n o t le s  
u t iv e  Secre
h is  p u b lic a t io n  is  
s than two complete 
ta ry  may be used i r
hereby
Wayne 
C o un ty ,
Mi ch igan
"Suggested
P roced u re ,
S tack
Sam pling"
[2 7 ]
No s p e c i f ic  recommendations 
Los Angeles "S ource T e s tin g
made, b u t a cco rd in g  to  re fe re n  
M anual" IGCI "T e s t Procedure  f
ces th e  methods suggested by WP 
o r  Gas S crubb e rs" are  accep tab '
- 5 0 ,  USPHS, 
e .
"Source Sam pling 1e c h n ic u e s ,
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T A B L E  I C O M P A R I S O N  O F  S A M P L I N G  P R O C E D U R E S  ( C O N T ' D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
O il
H eating  
Associ a t io n  
o f  Canada
Urban A ir  
P o llu t io n  
C o n tro l
June 1965 
[2 8 ]
F ive  to  10 d iam e te rs  down­
stream  o r  3 to  5 d iam eters 
upstream  from  any gas 
stream  d is tu rb a n c e
Equal area p r in c ip le
A n nu la r r in g s  f o r  
c i r c u la r  duc t
In c i r c u la r  ducts  o r  s tacks 
two s e ts ,  90° a p a r t ,  
lo c a te d  a t  c e n tre  o f  a reas , 
a t  c e n tre ,  R, 0.316R , 0.548R 
0.707R , 0.837R and 0.961R
Is o k in e t ic  
i f  dus t 
p a r t ic le s  
> 5 u.
I f  < 5  u 
need no t 
be is o ­
k in e t ic
Not s p e c i f ie d Not
s p e c if ie d
N a tio n a l 
C ounc il o f 
th e  Paper 
In d u s try  
f o r  A i r  
and Stream 
Im prove­
ment In c .
A tm ospheric
P o llu t io n
Techni ca l
B u l le t in
# 41
August
1969
[2 9 ]
Id e a l ly  lo c a te d  8 to  10 
d iam e te rs downstream and 
3 to  5 d iam e te rs  upstream  
from  any bends o r  o th e r  
c o n s t r ic t io n s .  I f  t h is  is  
no t p o s s ib le ,  f lo w  
s t ra ig h te n in g  vanes shou ld  
be in s ta l le d  in  th e  d u c ts .
Equal a rea p r in c ip le  
Minimum equal areas
Round R e c tan gu la r
0 In .  # Area F t2 #
8-10 2 0 -2  4 
12-20 3 2-25  12 
22-28 4 > 25 20 
30-42 5 
>  42 e
A t c e n tre  o f  each area .
For c i r c u la r  ducts  lo c a te  
on p e rp e n d ic u la r  d iam e te rs 
acco rd ing  to
R n =  d  —* /  - f - B ------- 1
1 v
as WP-50
I s o k in e t ic Not s p e c if ie d Not
s p e c if ie d
Measure­
ments and 
Sampling 
o f  A i r  
P o llu ta n ts  
From a 
K r a f t  M i l l
(M acM illa n  
B loede l 
Research 
L td .,B .C .
January
1969
(T404)
C .P .P .A .
[3 0 ]
Where s tre a m lin e  gas f lo w  
takes p la c e , id e a l ly  on 
s t r a ig h t  runs o f  ducts  
f re e  from  edd ies and 
tu rb u le n c e  caused by 
bends, en la rgem ents.
V e lo c ity  and sam pling 
tra v e rs e  e s ta b lis h e s  
number o f  permanent 
sam pling p o in ts  where th e  
a c tu a l v e lo c i t y  and p a r­
t i c u la t e  c o n c e n tra t io n  is  
c lo s e  to  the  average 
v e lo c i t y  and p a r t ic u la te  
c o n c e n tra t io n  in  th e  whole 
duct
Sampling p o in ts  shou ld  be 
lo c a te d  tow ards th e  c e n tre  
o f  th e  duc t to  negate s id e  
w a ll e f fe c t s .
I s o k in e t ic By r e la t in g  
v e lo c i t y  t ra v e rs e  
data  to  fu rn a ce  
o p e ra tin g  con­
d i t io n s  such as 
steam p ro d u c tio n  
and f lu e  gas 
te m p e ra tu re , i t  
is  p o s s ib le  when 
a s u f f i c ie n t  
number o f  
o b se rva tio n s  have 
been taken a t 
s e le c te d  sam pling 
DO ints and 
re la te d  to  
o p e ra tin g  con­
d i t io n s  to  c o r ­
r e la te  t h is  data 
to  a vo id  a 
v e lo c i t y  t ra v e rs e  
every tim e  duc t 
is  to  be sampled.
Two 
graphs 
de te rm ine  
tim e  tu  
c o l le c t  
g iven  
w e igh t 
o f  p a r­
t ic u la te  
o r tim e 
to
c o l le c t  
15 gm 
o f  p a r­
t i  c u la te  
m a tte r .
The
Chemical
and
In d u s t r ia l
Corp.
G ir d le r
Corp.
" P r i11
Tower
E f f lu e n t
Sampli ng
Procedure
f o r  a
B u s tle
Type
Tower"
[3 1 ]
The lo c a t io n  to  be used 
is  the  area above th e  
tow er w a lIs .
D iv id e  open area above 
to w e r w a lIs  and in  th e  
same p la n e  as th e  w a lls  
in to  a s e r ie s  o f  im ag inary  
squa res . Make t h is  g r id  
3 o r  4 rows h igh  between 
th e  top  o f  th e  w a ll  and 
and th e  c e i l in g  and as 
many columns as necessary 
to  make each o f  th e  sm all 
areas a p p ro x im a te ly  2 f t  
squa re . I f  tow er is  round , 
d iv id e  th e  c ir c u m fe re n t ia l 
space above th e  tow er 
w a lls  in to  a p p ro x im a te ly  
equal squa res .
V e lo c i ty  read ings  a t  th e  
c e n tre  o f  each sm a ll a re a , 
re p e a tin g  th e  procedure  
f o r  th e  rem a in ing  th re e  
s ides  o f  th e  tow er
Number o f  samples w i l l  depen 
Samples must be taken a t  po i 
and h ig h e s t v e lo c i t y  recorde  
ade qua te ly  d e f in e  a curve o f  
tow e r vs. v e lo c i t y  a t  th e  po 
5-8  sam ples)
I s o k in e t ic
d on th e  res 
n ts  in  th e  t  
d . Enough o 
c a lc u la te d  
i n t  o f  sampl
1 to  2 d^ys .
The p la n t  
o p e ra t io n  must 
be kept as s ta b le  
as p o s s ib le .  
Weather 
c o n d it io n s  
shou ld  be no rm a l.
u l t s  o f  a i r  v e lo c i t  
ower co rre spond ing  
th e r  samples needed 
lb /m in  o f  s o l id s  le  
in g  ( a t  le a s t  a t o t
A t le a s t  
1 hour
/  p r o f i l c  
;o low est 
to
aving 
al o f
P u b lic
S e rv ice
E le c t r ic
and Gas
Company
Maplewood
New
J e rs ey
T e s tin g
Lab
"Sam pling 
E f f lu e n t  
Gases f o r  
P a r t ic u la te  
R. W. Wasser
In  accordance w ith  
ASME PTC 21 and PTC 27
M a tte r"
[3 2 ]
In  accordance w ith  
ASME PTC 21 and PTC 27
In  accordance w ith  
ASME PTC 21 and PTC 27
Is o k in e t ic May be up to  
4 hours
le te rm ined  
)y t o ta l  
d u ra t io n  
o f t e s t  
run and 
number o f 
p o in ts  a t 
sam pling 
s ta t io n
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T A B L E  I C O M P A R I S O N  O F  S A M P L I N G  P R O C E D U R E S  ( C O N T ' D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
N a ti onal 
Coal Board
O ctober
1960
D. C row ther 
[3 3 ]
Id e a l ly  in  v e r t i c a l  f lu e s  
o f  re g u la r  c ro s s -s e c tio n  
some d is ta n c e  away from  
upstream o b s tru c t io n  o r  
bends. Not le ss  than 1 
chimney 0 from  a gas in le t .  
Not le ss  than 4 chimney 0 
away from  an I .D .  fan 
d isch a rg e . Not le ss  than 
1 duc t d ia m e te r away from  
upstream bends o r dampers.
For h o r iz o n ta l f lu e s  access 
ho les shou ld  be p laced  in  
th e  top o f  th e  f lu e .
Not s p e c i f ic .  D e ta i ls  
s e le c t io n  o f  8 p o in ts  
f o r  c i r c u la r ,  9 p o in ts  
f o r  sq u a re , 8 p o in ts  f o r  
re c ta n g u la r  f lu e  o r 
chimney.
Equal a rea p r in c ip le
For square and re c ta n g u la r  
ducts  a t  c e n tre  o f  equal 
a reas.
For c i r c u la r  duc ts  p o in ts  
lo c a te d  on d iam e te rs  90° 
a p a rt a p p a re n tly  accord ing  
to
P =  5 0 ( l - - N /  2q )
AS USPHS
Is o k in e t ic Not s p e c if ie d U su a lly  
1 m inu te .
N a tio n a l 
Coal Board
1964
"Notes on 
Si mple 
Apparatus 
f o r
M easuring 
G r i t  Con­
c e n tra tio n s  
in  F lue 
Gases from  
C o a l- f i r e d  
B o ile rs "
D. C row ther
[3 4 ]
Not s p e c i f ie d  because 
N.C.B. o r B .S . 3405 
procedure  a ccep tab le
(N a tio n a l Coal B oard , Improv
BS 3405 s p e c if ie s  8 i f  
q u i te  w ide v a r ia t io n s  in  
v e lo c i t y  found  on e x te n ­
s iv e  v e lo c i t y  s u rve y ; 
f o r  sm a ll v a r ia t io n s  use 
4 p o in ts .
NCB s p e c if ie s  8 p o in ts  
sd A p p a ra tu s , Steam & H eating
A cco rd ing  to  NCB o r  BS 3405 
s p e c if ic a t io n s
E n g in e e r, F eb rua ry , 1970 p ra c t
Is o k in e t ic  
i c a l l y  th e  s
Not s p e c if ie d  
ame as N.C .B . I9 6 0 ’
2 m inute  
average , 
lo n g e r fo r  
low dust 
and sh o rte r  
f o r  h igh  
d us t 
lo a d in g
[3 5 ]
C. J .
S ta irm and
"The
Sampling
o f  D ust- 
Laden 
Gases" 
T rans.
In s t .
Chem.
Engr.
29 1 ,
TT951)
[3 6 ]
Where gas is  f lo w in g  
v e r t i c a l l y  upwards and 
shou ld  be as f a r  away from  
bends o r  va lve s  as pos­
s ib le .  Even w ith  a s a t is ­
fa c to r y  m ix in g  b a f f le ,  
a s t r a ig h t  zone a t  le a s t  
5 d iam e te rs  in  le n g th  is  
p re fe ra b le
S in g le  p o in t  sam pling 
recomnended i f  b a f f le s  
can be d e v ile d  to  n ro v id e  
u n ifo rm  f lo w  p a t te rn .
When m ix in g  b a f f le s  im­
p o s s ib le ,  m u lt ip o in t  
sam pling acco rd ing  to  
B .S . 893/1940 "Method o f  
T e s tin g  Dust E x tra c t io n  
P la n t"
For s in g le  p o in t  sam pling 
lo c a te  on a x is  o f  d u c t. 
thrp-'> H u rt 'H -x ^ tn rc  ( n r  
th re e  tim es th e  lo n g e s t 
s id e  o f  th e  d u c t)  downstream 
from  th e  b a f f le .  A t le a s t  
2 duc t d iam e te rs  o f  s t r a ig h t  
p ip e  shou ld  fo l lo w  th e  
sam nlinn n n in t..
For m u lt ip o in t  sa m p ling , 
p o in ts  lo c a te d  where 
e xpe rience  shows th a t  the  
v a r i a b i l i t y  is  le a s t
I s o k in e t ic Not s p e c if ie d Not
s p e c if ie d
The
B r i t is h
S te e l
C astings
Research
A s s o c ia t io n
1961
[3 7 ]
In  a s t r a ig h t  s e c t io n  o f  
d u c t a t  le a s t  5 duc t 
d iam e te rs away from  any 
bend o r  o b s t ru c t io n .
Not s p e c if ie d Not s p e c if ie d I s o k in e t ic Not s p e c if ie d Not
s p e c if ie d
B r i t is h
S tee l
Corp.
Research & 
Development 
"Simp 1i f i e d  
Dust
Sampling 
A pparatus 
f o r  Use in  
I ro n -  and S t 
D .J. Sm ithso 
J . I ro n  and 
206, 12 (1
Working g u id e - s t r a ig h t  
le n g th  o f  10 p ip e  d ia  
m eters upstream  and 5 
p ip e  d iam e te rs  downstream 
from  o b s tru c tio n s  to  f lo w . 
S t r a ig h t  v e r t ic a l  s e c t io n  
o f duc t m in im izes  dust 
s t r a t i f i c a t i o n .
ee lw o rks " J .H . F lu x , 
n , R.N. Sm ithson ,
S te e l I n s t i t u t e  
968)
[3 8 ]
For u n ifo rm  v e lo c i t y  
p r o f i le  use 1 p o in t .
For n o n -u n ifo rm  d i s t r i ­
b u t io n  samples a re  taken 
from  se v e ra l p o in ts .
S in g le  p o in t  a t  c e n tre  o f  
th e  d u c t.
Va rious p o s it io n s  f o r  m u l t i ­
p o in t  sam pling  no t s p e c if ie d
Is o k in e t ic Sample tim e  
sh o u ld  be long 
enough to  avo id  
e r ro rs  due to  
s h o r t  term  f lu c ­
tu a t io n s  in  th e  
d u s t load and in  
s ta r t in g  and 
s to p p in g .
Vary
accord ing  
to  dust 
load but 
long
enough to  
c o l le c t  
0 .02  to  
0 .2  gm
B r i t is h  
I ro n  &
S tee l 
Research 
Assoc. 
"M easure­
ment o f  
Dust in  
F lue
G ases", R. J
The I ro n  and 
S p e c ia l Repo
1957
The BISRA appara tus has been 
fumes produced in  s te e lm a k in
ackson, R.A. G ra n v il le
S te e l I n s t i t u t e  
r t  #61
[3 9 ]
designed s p e c i f i c a l l y  f o r  th  
g o p e ra t io n s . The BCURA proc
e measurement o f  subm icron 
edures are  a p p lic a b le .
I s o k in e t ic
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T A B L E  I  C O M P A R I S O N  O F  S A M P L I N G  P R O C E D U R E S  ( C O N T ' D )
PROCEDURE LOCATION OF TEST SECTION
RECOMMENDED NUMBER OF 
SAMPLING POINTS LOCATION OF SAMPLING POINTS SAMPLING DURATION OF TEST
SAMPLING 
TIME PER 
POINT
The
B r i t is h
P e tro leum
Fuels
Research
Branch
"Measurement 
S o lid s  Burd 
I n s t a l la t i o  
Wool F i l t e r  
Jo u rn a l o f  
F u e l, Janua
Not s p e c i f ie d  bu t 
re fe re n c e  made to  
S ta irm and and BCURA
o f th e  F lue  Gas 
an from  O il- F i r e d  
ns Using a S i l i c a  
L. K. Rendle 
the I n s t i t u t e  o f  
r y ,  1964
[ 4 0 ]
S ta irm and and BCURA S ta irm and and BCURA Is o k in e t ic Sam pling is  c o n t i 
30 mg c o l le c te d ,  
p e r io d s  o f  1/2 tc  
d u ra t io n  a re  used
lued u n t i 1 
Sam pli ng 
1 h o u r 's
S h e ll
I n te r -
n a t i onal
P e tro leum
L td .
Report
#101F
The S h e ll 
Carbon 
D e te rm i­
n a t io n  
Appara tus
1965
[4 1 ]
Not s p e c if ie d Not s p e c if ie d A p p a re n tly  a t  th e  c e n tre  
o f  th e  d u c t.
Is o k in e t ic Carbon c o l le c te d  
exceed 25 mg. Ap 
sam p ling  t im e  be t 
10 m in u te s . Samp 
o ve r 30 m inu tes s 
n o rm a lly  be used.
ou t to  
p ro p r ia te  
ween 2 and 
l in g  tim es 
hou ld  no t
The S te e l 
Company 
o f  Canada 
H a m ilton  
1967
V a r ia t io n  
o f  WP-50
[ 4 2 ]
In  a s t r a ig h t  s e c t io n  o f  
f lu e  8 tim es the  in s id e  
d ia m e te r is  u s u a lly  
taken  as s u f f i c ie n t  d is ­
ta n ce  from  bends o r  o th e r  
p o in ts  o f  gas f lo w  
d is tu rb a n c e
Equal Area P r in c ip le A t c e n tre  o f  each equal 
a re a . I t  is  u s u a lly  w e ll 
to  sample f o r  d u s t a t  the  
same lo c a t io n  as th a t  
s e le c te d  f o r  th e  v e lo c i t y  
d e te rm in a t io n s .
Is o k in e t ic The lo n g e r the  
t e s t  p e r io d  th e  
more a ccu ra te  
th e  t e s t  r e s u lt s .  
P e rio d  shou ld  be 
s e t  to  co ve r one 
o r  more cyc le s  
o r  long enough 
to  co ve r volume 
v a r ia t io n s .
Never le ss  than 
30 m inu tes
Not
spec i f ie d
G eneral 
M otors 
Corp. 
T e c h n ic a l 
Centre  
"A P rac­
t i c a l  
S tack 
Sam pling 
P rocedure 
J . F. 
Stevens
Am.
In d u s t r ia l
Hygiene
Assoc.
J o u rn a l
22 , 5
TT961)
[ 4 3 ]
O c c a s io n a lly  th e  bes t 
lo c a t io n  is  ju dged  to  
be ju s t  o ve r the  r1m 
o f  a d is c h a rg e  s ta c k . 
R e fe r to  ASME PTC #21, 
WP-50
Equal Area P r in c ip le A t c e n tre  o f  each equal 
a re a . F ie ld  ta b le s  are 
p repa red  to  he lp  lo c a te  
4 ,6 ,8 ,1 0 ,1 2  p o in t  t ra v e rs e  
p o s it io n s
I s o k in e t ic Sam pling tra v e rs e  
t ra v e rs e  w i l l  
range from  less 
than 1 /2  hour 
to  s e v e ra l hours
Not
s p e c if ie d  
b u t to  
c o l le c t  
a t  le a s t  
300 mg 
o f  dus t
For each 
sample 
15-20 mg 
can be 
enough
"A F i l t e r  
T e s t 
Method 
f o r  
Rapid 
W eight 
D i s t r i ­
b u t io n  
o f  Dust In  G 
E va lu a te  Dus 
J . K a tz  and 
J . A i r  Pol 1u 
A s s o c ia t io n  _
ASME PTC #27
WP-50, R e s e a rc h -C o ttre ll
re fe re n c e s .
is  Streams to  
C o lle c to rs "
I .  A. V e rro c h r i 
t io n  C o n tro l 
_8jl 6 (1968)
[4 4 ]
Not s p e c i f ie d ,  b u t gas 
v e lo c i t y  measurements 
by p i t o t  tu b e  are  to  be 
o b ta in e d  f o r  th e  p o s i­
t io n s  to  be sam pled.
A cco rd in g  to  ASME PTC 27 
WP-50 o r  R e s e a rc h -C o ttre ll .
In te n d e d  as a s in g le  p o in t
s a m p l e  m e a s u r e m e n t  w h i c h
would re p re s e n t th e  r e la t iv e  
change o f  th e  t o t a l  s ta ck  
e m iss io n  va lu e .
Is o k in e t i  c S h o rt Term 
changes can be 
m on ito re d  d u r in g  
15 m inu te
o p e r a t i o n  c y c l e s .
2 to  5 
mi n u te s . 
co u ld  be 
extended
t o  10
m inutes
"S ta ck
Sam pling
Theory
and
P r a c t i ­
c a l i t y "
W. T .
Ingram
R e p rin t
AIME
M eeting
F e b .1970
[4 5 ]
Theory says s t r a ig h t  
le n g th  hav ing  a t  le a s t  
10 d iam e te rs  s t r a ig h t  
f lo w .  8 d iam e te rs  
a cce p ta b le  b u t 3-6  
d iam e te rs  n o t unusual 
in  p ra c t ic e
R e c ta n g u la r s ta cks  no t 
le s s  than 4 b u t 6 to  24 
re q u ire d  when areas ran 
range from  2-12 f t  .
For a rea >  12 f t *  need 
more than  24 p o in ts .
Equal a n n u la r  areas f o r  
c i r c u la r  s ta c k s . A t 
le a s t  3 f o r  s ta cks  >  6 f t .  
d ia m e te r ,  6 o r  more 
suggested . A 5 f t .  d ia ­
m ete r s ta c k  m igh t have 
5 a reas .
A t c e n tre  o f  equal area . 
W ith in  each a n n u la r  r in g  
4 p o in ts  lo c a te d  a t the  
c e n t ro id  o f  th e  r in g  and 
q u a r te r in g  i t  one s e le c te d  
f o r  th e  tra v e rs e .
Is o k in e t ic N ot s p e c if ie d  
bu t long enough 
to  ta ke  sample 
a t  each p o in t
Not le ss  
than 
f iv e  
m in u te s .
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T A B L E  I I
C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  
A N D  A C C E S S O R I E S  ( N O Z Z L E - P R O B E  A S S E M B L Y )
PROCEDURE SAMPLING NOZZLE
INSIDE ORIENTATION 
TYPE MATERIAL DIAMETER FOR SAMPLING
PROBE
RADIUS
MATERIAL LENGTH DIAMETER OF BEND HEATING & INSULATION
W estern 
P r e c ip i-  
t a t i  on
WP-50
1936-48-51-
56-58-68
Standard S ta in le s s
S te e l
1 /4  in .  
3 /8  in .  
1 /2  in .  
5 /8  in .  
p lus  
o th e rs
Upstream S ta in le s s  
S te e l o r 
o th e r  
m a te r ia l 
n o t sub­
je c t  to  
c o r ro s io n
Long enough 
to  reach a l l  
sam pling 
p o in ts  and 
p r o je c t  ou t 
o f  f lu e
Not
S p e c if ie d
Smooth
Curve
Water ja c k e t  to  cool 
undu ly  h o t gases 
b e fo re  f i l t e r i n g .  
Very humid gases may 
be heated w ith  
e le c t r ic  he a te r 
around probe.
BCURA
1961-68
F ea ther- 
edged w ith  
a long 
ta p e r  o f  
sm all
ang le  (15 ) 
b e s t ,b u t  no t 
to o
d e l ic a te .
Use b lu n t -  
edged
nozzle  w ith  
chamfer on 
o u ts id e .
S ta in le s s
S tee l
1.354 in .  
1.106 in .  
0 .957  in .  
0 .782  in .  
p lu s
o th e rs  i f  
necessary
Upstream 
p a r a l le l  
to  th e  
a x is  o f  
th e  duc t
S ta in le s s
S tee l
S ix  fe e t  
w i l l  s u i t  
most s i t e s .
1 1 /4  in .  
O.D.
18 s .w .g . 
w a ll
th ickn e ss
Depends
on
in te rn a l
o r
e x te rn a l 
use o f  
p a r t i ­
c u la te  
c o l le c to r
E x te rn a l probe shou ld  
n o t be used when f lu e  
gas tem p era tu re  is  
below 500 F because 
o f  r is k  o f  b lockage 
o f  f i l t e r  by con­
densed w a te r.
Research
C o t t r e l l
1955-57-68
V a r ia t io n
o f  ASME
PTC 21
1941
No
Speci f i -  
c a t io n
No
S p e c if i ­
c a t io n
0 .364  in .  
0 .200  in .  
0 .150 in .  
0 .100 in .  
0 .700  in .  
0 .269 in .  
0 .493  in .  
0 .622  in .
Upstream Not
S p e c if ie d
Nozzles f i t  
d i r e c t ly  
on to  th im b le  
h o ld e rs
Not
S p e c if ie d
Not
S p e c i­
f ie d
Recommend steam 
h e a tin g  o f  th im b le  
h o ld e r
ASME 
PTC 21 
(1941) 
PTC 27 
(1957)
T h in , w e ll 
rounded 
edge 
n o z z le , 
ta p e r in g ,  
i f  any, 
s h a l l  be 
on o u ts id e  
no t in s id e
No
S p e c if i ­
c a t io n
Nozzle 
d iam e te r 
n o t le ss  
than 
1 /4  in .
Upstream Not
S p e c if ie d
Minimum
p o s s ib le
S u f f ic ie n t l y  
la rg e  to  
p e rm it re ­
c la im in g  o f  
d u s t
d ep os ited  
in  tube .
Not
S p ec i­
f ie d
Because gas must be 
above de w -p o in t 
u n t i l  a f t e r  passing 
f i l t e r ,  in s u la t io n  
o r  h e a tin g  must be 
p ro v id e d .
USPHS
(APCA
67-119)
June
1967
W.S. Sm ith 
R.M. M a rtin  
D.E. D u rst 
R.G. Hyland 
T .J . Logan 
C.B. Hager
T ip  is  
beve l le d  
15 on the  
o u ts id e  to  
p ro v id e  a 
k n i fe  edge 
to  m in im ize 
stream  
tu rb u le n c e
S ta in le s s
S te e l
Range o f  
nozz les 
w ith  
in s id e  
d iam eters 
rang ing  
from  1 /8  
to  1 in .
In to  th e  
gas stream  
in
upstream
d ire c t io n
Kimox tube 
in s id e  a 
s ta  i  n 1 es s 
s te e l 
sheath
Can be any
s u ita b le
s iz e
1 /2  inch 
d iam e te r 
Kimox in  
1 inch  
d iam e te r 
s ta in le s s  
s te e l tube
Not
S p e c i­
f ie d
N icke l-ch rom ium  w ire  
wrapped around Kimox 
tube then h igh  
tem p era tu re  r e s is ­
tance tape  over the  
wi re .
Research
A p p liance
Company
O ctober
1969
Not s p e c i­
f ie d  but 
m ust be 
same as 
USPHS
Type 304
S ta in le s s
S te e l
3 s iz e s :  
1 /4  in .  
3 /8  in .  
1 /2  in .
In
upstream
d ire c t io n
Pyrex
g la ss
in n e r
tu b in g
S ta in le s s
S te e l
i n n e r
tu b in g
3 and 5 f t .  
maximum 
o p e ra t in g 0 
temp. 800 F
3 ,5  & 10 f t .  
maximum
o p e r a t i n g
temp. 1200 F
Not
S p e c i­
f ie d
Not
S p ec i­
f i e d
Not s p e c if ie d  bu t 
must be same as 
USPHS
USPHS 
S p e c if i -  
c a t i  ons 
fo r
In c in e ­
r a to r
T e s tin g
a t
Federa l
F a c i l i t i e s
O ctober
1967
B u tto n ­
hook
type
t i p
S ta in le s s
S tee l
Not
S p e c i­
f ie d
Upstream 5 medium 
.w a ll 
Pyrex 
g la ss  
in n e r  
tube  in  
s ta in le s s  
s te e l tube
Not
S p e c if ie d
5 /8  in .  
O.D. Pyrex 
in  1 in .  
O.D.
S ta in le s s
S tee l
Not
S p e c i­
f ie d
The g lass probe is  
lo g a r ith m ic a lly  
wound from  extreme 
end w ith  25 fe e t  o f  
26-gauge n ic k e l-  
chromium w ire  to  be 
connected to  v a r ia b le  
tra n s fo rm e r.
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C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  
A N D  A C C E S S O R I E S  ( N O Z Z L E - P R O B E  A S S E M B L Y )
PROCEDURE SAMPLING NOZZLE
INSIDE ORIENTATION 
TYPE MATERIAL DIAMETER FOR SAMPLING
PROBE
RADIUS
MATERIAL LENGTH DIAMETER OF BEND HEATING & INSULATION
Kentucky 
Ai r
P o llu t io n  
C o n tro l 
Commission 
Recommended 
Procedure 
In c in e ra to r  
and Waste 
B u rne r Per­
formance 
T e s ts , 
R e g u la tio n s  
#3, and #4
Balanced 
tube ( n u l l )  
type  nozz le  
as f o r  AsME 
PTC 27 o r 
WP-50
As ASME 
PTC 27 o r 
WP-50
As ASME 
PTC 27 o r 
WP-50
Upstream S ta in le s s  
S te e l o r  
Pyrex g la ss  
lin e d  probe 
co u ld  be 
used
Not
S p e c i­
f ie d
Not
Speci - 
f  ie d
Not
S p ec i­
f ie d
H eating  tape o r 
n icke l-ch ro m iu m  w ire  
cou ld  be used to  
hea t probe
In c in e ra to r  
I n s t i t u t e  
o f  America 
B u l le t in  
T- 6
' I n c in e r a to r  
T e s t in g "  
June 1967
ASME PTC 
i nstrumen- 
t a t io n  and 
procedu res . 
A n u l l  
probe is  
suggested
ASME PTC ASME PTC Upstream S ta in le s s
S te e l
Not
S p e c i­
f ie d
At
le a s t  
1 / 2  in .  
d ia m e te r 
opening
Not
S p ec i­
f ie d
C oo ling  de v ice  mav be 
a d v is a b le .
The Ducon
Company
In c .
ED -5 /67-2  
and "S tack 
Sam pling" 
Paper At 
18th Ven­
t i l a t i o n  and 
A i r  P o llu -  
t io n  C o n tro l 
Conference
Not
S p e c if ie d
Not
S p e c if ie d
1 / 2  in .  
3 /8  in .  
1 /4  in .  
1 / 8  in .
Upstream Not
S p e c if ie d
Not
S p e c i­
f ie d
bu t
e x te n ­
s io ns
p ro ­
vid ed
Not
s p e c if ie d
"L "
type
tube
Not sugges ted 
anywhere
County o f  
Los Angeles 
Source 
T e s t i ng 
Manual
1963-65
M etal 
nozz les 
havi ng 
sharp edged 
openings to  
m in im ize  
tu rb u le n c e  
a re  avai 1 -  
ab le
com m erc ia lly . 
Glass nozzles 
f i r e  p o lis h e d  
s l i g h t l y  on 
th e  o u te r  
edge have 
been found 
to  be
s a t is fa c to r y
M eta l o r
g lass
p o s s ib le
Nozzle 
d iam e te rs 
w i l l  be in  
the  range 
5-20 mm 
(3 /1 6 -3 /4  
i n . ) .  I t  
is  u s u a lly  
b e s t f o r  
th e  in s id e  
d iam e te r 
o f  th e  
no zz le  and 
probe to  
be 6 mm 
(1 /4  in . )  
to  reduce 
p o s s ib i1 i t y  
o f  c lo g g in g
Upstream B o r o s i l i -  
c a te  g lass  
tu b in g  
o f fe r s  
s iz e
s e le c t io n ,  
t ra n s p a r­
ency, ease 
o f  c le a n in g , 
re s is ta n c e  
to  c o r ­
ro s io n .
For temp, 
above 1200 F 
use q u a rtz  
o r  s ta in le s s  
s t e e l .
Not
S p e c i­
f ie d
Not
S p e c if ie d
Smooth 
s h o r t -  
ra d iu s  
90° bend
Not suggested 
anywhere
Manufac­
tu r in g  
C hem ists ' 
Assn. In c . 
"A i r
P o l l u t i o n
Abatement
Manual"
1952
A cco rd i ng 
to  ASME 
PTC 21
Accord­
ing  to  
ASME 
PTC 21
A cco rd i ng 
to  ASME 
PTC 21
In to  the  
d i r e c t io n  
o f  f lo w
S ta in le s s  
s te e l 18-8 
a l lo y .  Glass 
o r  q u a rtz  
f o r  unusual 
tem p era tu re  
o r  c o r ro s iv e  
c o n d it io n s
F re q u e n tly  
le n g th  
g re a te r  
than le ng th  
across the 
duc t o r  
s tack
No
g re a te r
than
necessary
to  conduct 
sample a t 
se le c te d  
ra te .
S izes 
1 /4  in .  
d iam e te r 
s u b je c t 
to  p lu g ­
g ing
Must
p e rm it
easy
c le a n ­
ing
Not m entioned
American
Petro leum
I n s t i t u t e
Manual On
D isposa l
Of R e fin e ry
Wastes
API 756-59 
1954
WP-50 
Speci f i -  
c a t i  on
S ta in le s s
S tee l
1 / 8  in .  
1/ 4  in .  
3 /8  in . 
1 / 2  in .
Di r e c t ly  
in to  the 
moving 
gas
stream
S ta i n less  
S tee l
Of
s u f f i c ie n t  
le n g th  to  
sample a t 
any n o in t  
on the  
c ro ss - 
s e c t io n a l 
d iam e te r 
o f the 
f lu e
Not
Speci f ie d
WP-50 
S p ec i- 
f i  c a t i  on
WP-50 S p e c if ic a t io n
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T A B L E  I I
C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  
A N D  A C C E S S O R I E S  ( N O Z Z L E - P R O B E  A S S E M B L Y )
PROCEDURE SAMPLING NOZZLE
INSIDE ORIENTATION 
TYPE MATERIAL DIAMETER FOR SAMPLING
PROBE
RADIUS
MATERIAL LENGTH DIAMETER OF BEND HEATING & INSULATION
USPHS
Source
Sampling
For
Atm ospheric
P o llu ta n ts
T ra in in g
Course
Manual In
A ir
P o llu t io n  
1965
W ell
designed
sharp -
edged
nozz le
Common 
m a te r ia ls  
are  s t a in ­
le ss  s t e e l , 
P y rex ,
Vycor, 
boros i 1 i - 
ca te  and 
q u a rtz
D iam eters 
most 
commonly 
used are 
1 /4  in .  
3 /8  in . 
1 / 2  in .  
5 /8  in .  
3 /4  in .
Di r e c t ly  
upstream
Ab le  to  
w ith s ta n d  
h igh  temp.
& c o r ro s iv e  
c o n d it io n s .  
S ta in le s s  
s t e e l,  P y rex , 
V yco r, bo ro - 
s i l i c a t e  and 
q u a rtz
Long
enough to  
reach a l l  
sam pling 
p o in ts  and 
p ro je c t  
o u ts id e  th e  
duct
Minimum
s iz e
recommended 
is  3 /4  in .  
in s id e  
d i ameter
A m in i­
mum 
ra d iu s  
o f  5 
tim es 
tube
d iam e te r 
is  com­
monly 
recom­
mended
H eating  elem ents o r 
in s u la t io n  m a te r ia l 
must be used around 
th e  o u ts id e  to  
in s u re  gas remains 
above d e w -p o in t o r 
w a te r vapor can con­
dense on probe.
AIChE 
Today 
S e ries  
I n t r o ­
d u c t io n  
to  A i r  
Pol 1u t i  on 
C o n tro l 
B .B .C ro cke r 
K .B .S ch n e lle  
J r .
1969
ASME 
PTC 27 
s p e c if ie s  
ta p e r in g  
on o u t­
s id e ,  i f  
used. 
WP-50 
recommen­
d a tio n s  
accepted.
WP-50
S ta in le s s
S tee l
ASME 
PTC 27 
s p e c if ie s  
a t le a s t  
1 /4  in .  
WP-50 
3 /8  in .  
1 /4  in .  
1 / 2  in .  
5 /8  in .
Upstream Glass o r
s ta in le s s
s te e l
Long
enough to  
reach a l 1 
p o in ts  bu t 
s h o rt 
enough to  
m in im ize  
s e t t l in g  
o f  p a r ­
t ic u la te s
A p p ro p r i­
a te  to  
g iv e  is o ­
k in e t ic  
sam pling 
c o n d it io n s
WP-50 
s p e c i f i ­
c a t io n  . 
Nul 1- 
type  
probes 
have 
ra d iu s  
as sm all 
as
p o s s ib le
H eating  can be 
accom plished by 
means o f  h e a tin g  
tape .
American 
Foundrymen 
S o c ie ty  &
The Gray & 
Due f t  1 e 
Iro n
Founder's
S o c ie ty
In c .
J o in t
Committee 
"T e n ta t i ve 
P ra c t i ce 
f o r  T e s tin g  c 
P a r t i c u la te  
from  Iro n  Foi 
Cupolas {N ot 
G eneral C ir c i 
ASME PTC 27 
1969-70
N u ll type  
is  p re ­
fe r re d  .
Can be o f
La 1 anLcu
s t a t i c  
p ressu re  o r 
balanced 
im pact 
p ressu re
t\/np
f  Dry 
m iss ions 
ndry 
fo r
la t io n )
a r ia t io n
S ta in le s s
S tee l
Minimum 
in s id e  
d iam e te r 
3 /4  in
{o r
la rg e r ) .  
Conven­
t io n a l 
s m a lle r  
d iam e te rs 
ran hp 
used on 
th e  clean 
s id e  o f 
em iss ion  
c o n tro l 
equipment
Upstream C o rro s io n  
r e s is ta n t  
( s ta in le s s  
s t e e l )
Not
S p e c if ie d
bu t
ASME
PTC c l
re fe re n ce
made.
Not
S p e c if ie d  
ASME 
PTC 27 
re fe re n c e  
made.
Not
S p e c if ie d  
ASME 
PTC 27 
re fe re n c e  
made.
Probes shou ld  be 
w a te r coo led  because 
tem pera tu res  o f 
2000°F a re  n o t un-
Cuiiiiiiuii UiiucP cu^ uim
burndown c o n d it io n s
American 
A ir  F i l t e r  
Company In c . 
Report 139
1956
5 in ch  Dust 
Sampler 
13 in c h  Dust 
Sampler 
O p e ra ti ng 
In s tr u c t io n s
Not
desc rib ed  
b u t are  
s u p p li ed 
as p a r t 
o f  k i t
Not
S p e c if ie d 3 /8  in .  8  
9 /16  in .  
I .D . f o r  
5 in ch  
sam pler
.662 in .  
1 . 0 0  in .
1.50 in .  
I .D .  f o r  
13 inch 
sam pler
Not
m entioned
bu t
upstream
im p lie d
Not
s p e c if ie d
bu t
su p p lie d  
as p a r t  
o f  k i t
1 2  in .  & 
29 in .  as 
p a r t  o f  
k i t .  
S p ec ia l 
tubes can 
be made 
i f  the  
occasion 
shou ld  
a r is e
Not
S p e c if ie d
Not 
S p e c i­
f i  ed
Express concern th a t  
sam pling in  humid 
gases co u ld  a llo w  
condensa tion  to  
in te r f e r e  w ith  
sam pling bu t no 
m ention made o f 
he a ting  probe.
In d u s t r ia l  
Gas C lean­
ing
I n s t i  tu te  
In c .
IGCI E-P2 
Wet
Col le c to rs  
D iv is io n  
P u b lic a t io n  
No. 1
1964-65
T h in , w e ll 
rounded 
edge 
n o zz le . 
T apering  , 
i f  any, 
shou ld  be 
no g re a te r  
than 15° 
in s id e  o r  
o u ts id e
Not
S p e c if ie d
Should be 
o f
s u f f i c ie n t  
s iz e  to  
secure  
w ith in  
reasonab le  
t im e , t ru e  
& adequate 
samples 
from  which 
a ccu ra te  
re s u lts  
can be 
ob ta in e d  
as to  
w e ig h t,  
s iz e  8 
chem ical 
com­
p o s it io n
Di r e c t ly  
in to  gas 
s tream
Not
s p e c if ie d
Length o f
tube
between
sam pling
nozz le  and
th e  f i I t e r
o r
s e p a ra to r  
s h a l l be a 
minimum
Not
s p e c i f i  ed
Not
s p e c i­
f ie d
but
sam pling
tube
from
nozz le  to  
f i l t e r i n g  
dev ice  
s h a ll be 
smooth 
w ith  no 
in te r -  
r u p t i ons
May be necessary to  
in s u la te  o r  hea t 
probe to  keep gases 
above de w -p o in t 
u n t i l  they  pass the 
f i  I t e r .
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PROCEDURE SAMPLING NOZZLE
INSIDE ORIENTATION 
TYPE MATERIAL DIAMETER FOR SAMPLING
PROBE
RADIUS
MATERIAL LENGTH DIAMETER OF BEND HEATING & INSULATION
N a tio n a l
Dust
Col le c to r  
Corp.
Report #177 
In s tr u c t io n s  
f o r  Sampling 
P a r t ic u la te s
1968
Not S p ec i­
f ie d
Presumably 
s ta in le s s  
s te e l in  
k i t
Not
S p e c if ie d
1/4  in .  
N .P .T. by 
3/16 in .  
1 /4  i n . , 
5 /16  in .  
and
3 /8  in .  
in  k i t .
Upstream S ta in le s s
s te e l
g a lva n ize d  
p ip e  cou ld  
be used on 
s i t e  i f  no t 
ru s ty  and 
o i l  f re e
Should be 
no lo n g e r 
than
necessary
2 fe e t  o f  
s ta in le s s  
s te e l n ine  
su p p lie d
1 /4  in . 6  in .  
ra d iu s  
f o r  a l l  
e lbows. 
90° 
ra d iu s  
bend 
imp 1 i  ed
No h e a tin g  o f  probe
Gelman 
In s tru m e n t 
Company 
T e ch n ica l 
B u l le t in  503 
Techni ca l 
B u l le t in  7
1966
P re c is e ly
bored t ip
d ia m e te r,
smooth
in n e r
s u rfa ce
and
tapered  
o u ts i de 
wal 1
S ta in le s s
s te e l
3 /8  in .  
and
1/4  in .
Upstream S ta in le s s  
s te e l f o r  
h igh  temp, 
gas streams
Not
s p e c if ie d
Smal 1
enough to
m a in ta in
tra n s p o r t
v e lo c i t y
f o r  th e
p a r t ic u la te
a t the
proposed
sam pling
ra te
Smooth 
90 bend 
o f  a t 
le a s t  
4 in .  
ra d iu s
Not suggested f o r  the  
probe i t s e l f .
Hydro 
E le c t i  c
Power 
Commission 
o f O n ta rio
January
1966
V ari a t i  on 
o f  BCURA
BCURA 
s p e c i-  
f i  c a t i ons
S ta in le s s
s te e l
1 / 1 0 0 ,
1 /150 ,
1 / 2 0 0  and
1 /300 f t 1
o r ig in a l
BCURA
equipm ent
1/500 f t 2
nozz le
machined
Upstream S ta in le s s
s te e l
BCURA
s p e c i­
f ic a t io n s
1 1 /4  in .  
O.D.
18 gauge
BCURA
s p e c i­
f ic a t io n
BCURA s p e c i f ic a t io n
Bay Area 
Ai r
P o l lu t i  on
C o n tro l
D is t r i  c t
Source
T est
Methods
1960-61
Not s p e c i­
f ie d
S ta in le s s  
s te e l,  
brass, 
and g lass  
are  the 
th re e  
most 
common 
m a te r ia ls  
o f  con­
s t r u c t io n
U su a lly  
w i th in  
range o f 
3 /16  in .  
to  1 / 2  in .  
I .D .
D ir e c t ly  
in to  the  
gas stream  
(upstream )
304
s ta in le s s  
s te e l 
schedu le  
40 p ipe
84 in ch  
minimum
1 1/4  in . Not 
s p e c i­
f ie d  f o r  
d ry  dust 
probe 
b u t m in. 
5 /8  in .  
ra d iu s  
f o r  wet 
d us t 
probe
W ater c o o lin g  o f 
probe p ro v id e d
Tennessee 
V a lle y  
A u th o r i ty  
A i r  Q u a lity  
Branch 
"An
E xe rc ise  
In  Source 
Sampling 
Methods" by 
J .R . Duncan 
and
A.E. Owen, 
J r .
March 1970
Commer- 
c ia l l y  
a v a ila b le  
must be 
speci a l ly  
designed 
to  m in im ize  
d i s tu rbance  
o f  p a r t ic le s  
in  th e  s tack  
gas stream
Commer-
c ia l l y
a v a ila b le
Commerci a l ly  
a v a ila b le  
s ize s
Upstream Any
m a te r ia l
so long
as no
chem ical
re a c t io n
takes
p la ce
between
probe and
c o n s t itu e n t
sam ples.
S ta in le s s
s te e l w i l l
s u f f ic e .
Not
s p e c if ie d
3 /4  in . 90° and 
n o t less 
than 4 in  
ra d iu s
.
Department 
o f  P u b lic  
H e a lth  
A i r
P o llu t io n  
C o n tro l 
F o rt Worth 
Texas
R e g u la tio n
#1
ASME PTC-27 ASME
PTC27
ASME
PTC27
ASME
PTC27
ASME PTC27 ASME
PTC27
ASME
PTC27
ASME
PTC27
ASME PTC 27
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PROBE
RADIUS
MATERIAL LENGTH DIAMETER OF BEND HEATING & INSULATION
Wayne
C ounty,
M ich igan
"Suggested
P ro ce d u re ,
S tack
Sam pling"
Not s p e c if ie d  
bu t presum­
a b ly  commer­
c ia l l y  a v a i1 - 
ab le
Commer­
c ia l  ly  
a v a i1 a b le
Va ry ing  
s iz e s  com­
m e rc ia l ly  
a v a i1 ab le
Upstream S ta in le s s
S tee l
3 f t .  
s tandard  
a d d it io n a l 
le n g th s  o f  
probe may 
be threaded 
on th e  o u t­
le t  end f o r  
1 a rg e r 
d ia m e te r 
s tacks
O.D. 7 /8 " 
nominal 
1 / 2  in .
p ipe
90°
smooth
bend
about
4 in .
ra d iu s
No m ention o f  h e a tin g  
c o o lin g  o r in s u la t io n
O il Heat­
ing Assn. 
o f  Canada
WP-50 s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50
s p e c i­
f ic a t io n
WP-50 s p e c i f ic a t io n
N a tio n a l 
Counci 1 
o f the  
Paper 
In d u s try  
f o r  A i r  
and Stream 
Im prove­
ment In c .
A tm ospheric
P o llu t io n
T e ch n ica l
B u l le t in
# 41
August
1969
Not s p e c i­
f ie d
Not spe­
c i f ie d
Not s p e c i-  
f  i  ed
Not s p e c i­
f ie d  bu t 
upstream  
im p lie d
Not s p e c i­
f ie d
Not
s p e c if ie d
Not
s p e c if ie d
Not
s p e c i­
f ie d
Not s p e c if ie d
Measure­
ments and 
Sampling 
o f  A i r
P o llu ta n ts  
From A 
K ra f t  
M i l l
(Mac­
M il la n  
B loede l 
Research 
L td .,B .C .
January
1969
(T404)
C .P .P .A .
Not s p e c i­
f ie d
Not spe­
c i f ie d
3 /8  in .  
o r 1 /4  in .  
1 in .  
p o s s ib le  
a ls o
Upstream Not s p e c i­
f ie d
Not
s p e c if ie d
Not
s p e c if ie d
Not
s p e c i­
f ie d
Not s p e c if ie d
The
Chemical
and
In d u s t r ia l
Corp .
G ir d le r
Corp.
" P r i l l
Tower
E f f lu e n t
Samnling
P r o c c d u  r e  
f o r  a 
B u s tle  
Type 
Tower"
Not s p e c i­
f ie d ;  
s u p p lie d  
as k i t .
Not spe- 
f ie d
Not
s p e c if ie d
Upstream Not s p e c i­
f ie d
Not
s p e c if ie d
Not
s p e c if ie d
Not
s p e c i­
f ie d
Not s p e c if ie d
P u b lic
S e rv ice
E le c t r ic
and Gas
Company
Maplewood,
New
Jersey 
T e s ti ng 
Lab
"Sam pling E1 
f o r  P a r t ic u l 
R. W. Wasser
Balanced
d r a f t
f lu e n t  Gases 
a te  M a tte r"
S ta in le s s
s te e l
.364 in . Upstream Not s p e c i­
f ie d
Dependent 
on th e  
s iz e  o f 
duc t being 
tra v e rs e d
1 inch Not
s p e c i­
f ie d
Not s p e c if ie d
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N a tio n a l 
Coal Board
O ctober
1960
D. C rowther
Not s p e c i­
f ie d
Metal 1 1 /4  in .
1 in .
55/64 in ,  
and 3 /4  in .  
d iam e te r
Upstream Metal 3 f t .  p lu s  
2
e x te n s io n  
tubes o f
4 f t  le n g th
Not
s p e c if ie d  
bu t less 
than 2  in .
Not
s p e c i­
f ie d
Not s p e c if ie d
N a tio n a l 
Coal Board
1964
D. C row ther
S p ec ia l
des ign
accord ing
to  d e ta i le d
draw ing
30° o u ts id e
ta p e r
M etal .00529 f t /  
.00264 f t /
Upstream M etal L ik e ly  
same as 
s tandard  
NCB
Maximum 
1 31/32 in .  
in c lu d in g  
cyc lone
A cco rd ing  
to  draw­
in g ,  no t 
smooth
Not s p e c if ie d
N a tio n a l 
Coal Board
1970
D. C row ther
D e ta i ls  o f  
des ign 
o b ta in a b le  
from  NCB 
bu t s im i­
la r  to  
drawings 
a v a ila b le
S ta in le s s
s te e l
3 s ize s  
bu t no t 
s p e c i f ie d
Upstream S ta in le s s
s te e l
Not
s p e c if ie d
Less than 
2  in .
Not
s p e c i­
f ie d
Not s p e c if ie d
C. J .
S ta irm and
"The .
Sampling
o f  Dust-
Laden
Liases"
T ra n s .
In s t .
Chem.
Engr.
29 1 , 
TT951)
Sharp 
edged 
co u ld  be 
tanered  
on in s id e  
o r  o u ts id e
Not
s p e c i-  • 
f  i  ed
3 /8  in .
1 / 2  in .
5 /8  in .
3 /4  in .
3 /8  in .  is  
lo w es t 
recommended 
l i m i t
Upstream S ta y b r ite  
IC I design
Not
s p e c if ie d
1 /4  in .  
IC I
des ign
Smooth 
90° IC I 
des ign
R esis tance  heated 
IC I design
The
B r i t is h
S te e l
C astings
Research
Assn.
1961
K n ife
edge
Not
s p e c i­
f ie d
range o f
nozz les to
sample
dusts w ith
v e lo c i t ie s
rang ing
from
500 to  9000 
f t /m in
Upstream Not
s p e c if ie d
Not
s p e c if ie d
Not
s p e c i­
f ie d
Not
s p e c i­
f ie d
Not s p e c if ie d
B r i t is h
S te e l
Corp.
R&D
" S im p li f ie d
Dust
Sampling 
A pparatus '  
f o r  Use in  
I ro n -  and 
S te e lw o rks "
J.  H. F l ux ,  
D .J. Sm ithson 
R.N. Sm ithson 
J . I ro n  and 
S te e l 
I n s t i t u t e  
206, 12 
71966)
Not
s p e c i­
f ie d
S ta in le s s
s te e l
Va rious 
s ize s  no t 
s p e c if ie d
Upstream S ta in le s s
s te e l
Of va rio u s  
le n g th s  to  
s u i t  the  
d u c t being 
sampled
Less 
than 
2  in .  
in c lu d in g  
probe head
Sharp
a n g u la r
bend
acco rd ing
to
diagram
Not re q u ire d  f o r  
tem pera tu res  up to  
900°C
B r i t is h  
I ro n  8 
S te e l 
Research 
Assn.
"M easure­
ment o f 
Dust In  
F lue Gases"
R. Jackson , R. 
The I ro n  and S 
S p e c ia l Report
Not
s p e c i­
f ie d
bu t
BCURA
s p e c i­
f ic a t io n
probab le
A. G ra n v il le  
te e l I n s t i t u t e  
#61, 1957
S ta in le s s
s te e l
BCURA 
speci f i -  
c a t i  on 
p robab le
Upstream S ta in le s s
s te e l
Not
s n e c if ie d
Not
s p e c if ie d
Not
s p e c i­
f ie d
Not s p e c if ie d
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The B r i t is h
Petro leum
Fuels
Research
Branch
"Measurement 
S o lid s  Burden 
I n s ta l la t io n s  
Wool F i l t e r "  
J o u rn a l o f  th  
F u e l, January
Sharp-edged 
in s id e  ta p e r 
determ ined 
by in s id e  
d l ameter
Df the F lue Gas 
from  u i l - F i r e d  
Using A S i l ic a  
... K. Rendle 
a I n s t i t u t e  o f 
1964
18/8
n ic k e l
chromium
s ta in le s s
s te e l
0 . 2  to  
1 . 0  in .  
in te r v a ls  
o f  0 . 1  in .
Upstream 18/8  n ic k e l 
chrome 
s ta in le s s  
s te e l
To s u i t  
s iz e  o f  
duct
1 1 / 2  to  
9 f t .  
genera l 
le n g th s
1 / 2  in .
0 .D .
No. 12 
SWG
(.2 9  in .
1 .D .)
90°
smooth 
bend o f  
3 in .  
ra d i us
Nichrome w ire  hea t­
in g ,  cover w ith  
o u te r  la y e r  o f  
asbestos tape
S h e ll
I n te r -
n a t i onal
P e tro leum
L td .
Report
#101 F
The S h e !1 
Carbon 
D e term i­
n a tio n  
Apparatus
1965
A x ia l and 
tra n s v e rs e  
nozzle  
s ty le s
18/8 
n i cke l 
chromium 
s ta in le s s  
s te e l
A x ia l 
3 ,5  and 
9 mm. 
T rans ­
verse 
3 and 5 
mm.
Upstream 18/8  n ic k e l 
chromium 
s ta in le s s  
s te e l
Not
s p e c if ie d
Not s p e c i­
f ie d  bu t 
16 mm. is
about
r ig h t .
Design 
c rea tes  
a sharp 
bend
Not re q u ire d
The S te e l 
Company o f  
Canada 
H a m ilton  
l?u7
V a r ia t io n
o f
WP-50
Not s p e c i­
f ie d  bu t 
WP-50 
im p lie d
S ta in le s s
s te e l
Not
s p e c i­
f ie d
d i r e c t ly
Upstream S ta in le s s
s te e l
Not
s p e c if ie d
Not
s p e c if ie d
R ig h t
ang led
bend
Not s p e c if ie d
General
Motors
Corp.
Tech n ica l 
Centre 
"A P ra c t ic a l 
P roced ure , J . 
Am. In d u s t r ia  
Assoc. Journa 
(1961)
Conven­
t io n a l
S tack Sampling 
F. Stevens 
1 Hygiene 
1 22, 5
S ta in le s s
s te e l
3 /16  in .  
13/64 in .  
7 /32  in .  
15/64 in .  
1 /4  in .  
9 /32  in .  
5/16 in .  
11/32 in .  
3 /8  in .  
7 /16 in .  
1 / 2  in .  
9 /16  in .  
5 /8  in .
Upstream S ta in le s s
s te e l
Not
s p e c if ie d
3 /16  in .  
1 /4  in .  
5 /16  in .  
3 /8  in .
Not
s p e c i­
f ie d
Not s p e c i f ie d
"A F i l t e r  
T es t 
Method 
fo r  
Rapid 
D is t r i  - 
b u t io n  o f  
Dust In  Gas S 
E va lua te  Dust 
J . Katz and W 
J . A i r  P o llu t  
A s s o c ia t io n
Not
s p e c i­
f ie d
.reams to  
Col le c to rs "  
A. V e rro c h r i 
on C o n tro l 
I ,  6  (1968)
S ta in le s s
s te e l
Not
s p e c i­
f ie d
bu t
0 . 2 0
and
0 .2 5  in .  
d iam e te rs 
were used
Upstream S ta i n less  
s te e l
2  f t . 7 /16  in .  
I .D .
Not 
s p e c i- 
f ie d
Not s p e c if ie d
"S ta ck  
Sampling 
Theory & 
P r a c t i ­
c a l i t y "
W. T. Ingram 
R e p rin t AIME 
M eeting 
Feb. 1970
Not
s p e c i­
f ie d
Not
s p e c i-  
f i  ed
Not
s p e c if ie d
Upstream Not
s p e c if ie d
Not
s p e c i­
f ie d
Not
s p e c i­
f ie d
Not
s p e c i­
f ie d
Not s p e c if ie d
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T A B L E  I  T I  C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  A N D  A C C E S S O R I E S
T Y P I C A L  P A R T I C U L A T E  C O L L E C T O R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE CLASS CLOTH FILTER.
MEMBRANE
FILTER
TAR
CAMERA IMPINGERS CYCLONE OTHERS
Western
P r e c ip i t a t io n
WP-50
1936-48- 51-56- 
58-68
H igh wet s t re n g th ,  
chem ical re s is ta n c e ,  
u s e fu l f o r  gas w ith  h igh 
w a te r c o n te n t,  h igh  
tem pera tu re  re s is ta n ce  
means i t  can be in s e rte d  
in to  f lu e  ju s t  behind 
nozz le
No wet s t re n g th .  Used 
f o r  l i g h t  d u s t lo a d s , 
used below 300°F and 
p ressu res  o f  4 in .  Hg.
Works w e ll on coarse 
d u s t where heavy dus t 
lo a d in g ,  used below 
750°F and 6  in .  H g ., 
m o is tu re  c lo g s  pores
For sm all 
^ a r t i c l e s , 
c o l lo id s ,  
b a c te r ia .  
When ,'9 t te d  
w ith
im re rs io n  
o i l  becomes 
t ra n s p a re n t,  
good f o r  
p a r t ic le  
s iz e  
d e te rm i­
n a tio n s
For
non-
aqueous
m is t
Wet o r  d ry . Must c o n s id e r 
re a c t io n s  between d ry  p a r­
t ic u la te s  and im p inge r 
1 iq u id s .
Not used. Not m entioned .
BCURA
1961-66
Not used. N o t used. Used f o r  soo t o r  t o ta  
p a r t ic u la te  d e te rm i­
n a t io n .
lN o t used. Not
used.
Not used. S ta in le s s  s te e l cyc lo ne  to  
c o l le c t  d u s t and g r i t .
Can be in te r n a l o r  e x te rn a l 
to  f lu e .
Not used
Research 
C o t t r e l1
1955-57-68
V a r ia t io n  o f 
ASME PTC 21 - 
1941
For d ry  dust For d ry  dus t Not m entioned Not
m entioned
For
non-
aqueous
m is t
Not m entioned Not used Glass Gooch fu n n e l t r a in  
packed w ith  c h e m ic a lly  
in e r t  asbestos f i b r e  f o r  
a c id  m is t .
ASME 
PTC 21 
(1941) 
PTC 27 
(1957)
F i l t e r in g  devices p re fe r r  
e f f ic ie n c y  can be demons' 
th in g  i f  f i l t e r i n g  e f f i c i  
be encountered during  tes  
s t re s s  to  which i t  w i l l  fc
Can be used
Th im b le , f l a t  o r  bag fo rn
ed  b u t any s e p a ra tin g  de v ice  
ra te d  to  be above 99.9%. F- 
ency is  99.0% f o r  d u s t o f  ap 
t  and which w i l l  w ith s ta n d  t  
e s u b je c te d  d u r in g  th e  t e s t .
Can be used 
s o f  f i l t e r s  a cce n ta b le .
may be used i f  s e p a ra t i 
I t e r  m a te r ia l can be an) 
p rox im a te  s iz e -a n a ly s is  
em pera tu re , h u m id ity  anc
Can be used
on
-
to
i
Can be used. Can be 
used.
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T A B L E  I I I  C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  A N D  A C C E S S O R I E S
T Y P I C A L  P A R T I C U L A T E  C O L L E C T O R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE GLASS CLOTH FILTER
MEMBRANE
FILTER
TAR
CAMERA IMPINGERS
USPHS (APCA 
67-119)
Not mentioned Not m entioned Not m entioned. Not m entioned
June , 1967
W. S. Sm ith
R. M. M a rtin
D. E. D urst
R. G. Hyland
T. J . Logan
C. B. Hager
Not
men­
t io n e d
4 G reenburg-Sm ith im p inge rs  
in  an ic e  b a th . Only th e  
second im p in g e r has a t i p ,  
th e  o th e r  th re e  do no t. 
F i r s t  and second im pingers 
f i l l e d  w ith  250 and 150 cc 
o f  d e io n ize d  w a te r re s ­
p e c t iv e ly .  The t h i r d  
im p in g e r is  d ry  to  remove 
any e n tra in e d  w a te r. The 
fo u r th  im p in g e r co n ta in s  
175 gm o f  d ry  s i l i c a  g e l 
to  remove rem a in ing  w a te r .  
P o ly e th y le n e  foam in s u la te s  
ic e  ba th  from  heated com­
pa rtm e n t. D e ion ized  w a te r 
may be rep la ced  w ith  a 
s o lu t io n  to  absorb a 
s p e c i f ic  gaseous p o l lu ta n t .
G lass cyc lo ne  removes 
p a r t ic le s  g re a te r  than 5 
m ic rons  in  d ia m e te r and is  
m a in ta in e d  between 240°F 
and 280°F
G lass h o ld e r  co n ta in s  a 
coarse p o r o s i ty  f r i t t e d  
g la s s  f i l t e r  (934  AH Unica 
g la ss  f ib e r )  m a in ta in e d  a t 
. a tem p era tu re  between 
240°F and 280°F which 
fo llo w s  the  cyc lo ne .
Research
A p p liance
Company
O ctober
1969
Not mentioned Not m entioned Not m entioned Not m entioned Not
men­
tio n e d
4 G reenburg-Sm ith im pingers 
in  an ic e  b a th . Only th e  
second im p inge r has a t i p ,  
th e  o th e r  th re e  do no t.
The f i r s t  im p in g e r is  used 
d ry  o r  w ith  250 cc o f 
d e io n ize d  w a te r . The 
second im p in g e r co n ta in s  
150 cc  o f  d e io n iz e d  w a te r 
o r  a s o lu t io n  to  absorb a 
s p e c i f ic  gaseous p o l lu ta n t .  
The t h i r d  im p in g e r is  d ry  
to  remove any e n tra in e d  
w a te r. The fo u r th  im p in g e r 
co n ta in s  175 gm. o f  d ry  
s i l i c a  ge l t o  remove 
rem a in ing  w a te r.  Accuracy 
on s p e c i f ic  p o l lu ta n ts
G lass c y c lo n e  removes 
p a r t ic le s  g re a te r  than  5 
m icrons in  d ia m e te r and is  
m a in ta in e d  between 240°F 
and 280°F.
Glass h o ld e r co n ta in s  a 
coarse p o r o s i ty  f r i t t e d  
g la s s  f i l t e r  (2343 SCF 
g la s s  f i l t e r  paper w ith  
o rg a n ic  b in d e r  f o r  low 
tem p era tu re  sam pling  and 
2343 MOSCF f i l t e r  paper 
wh ich has no b in d e r  th a t  
co u ld  g iv e  a fa ls e  lo ss  o f  
w e ig h t in  h ig h  tem p era tu re  
sa m p lin g .) G lass f i l t e r  
removes p a r t ic le s  down to  
0 .3  m ic ro n s .
5.
F lu o r id e  95%
C h lo r id e  95%
C h lo r in e  95%
S02 w ith  p e rox ide  in  
tw o o f  th e  im pingers 
g ive s  95% accuracy 
H y d ro c h lo r ic  A c id  95%
Measurement o f  wet 
pho spho ric  a c id ,  fu rn a ce  
p ho spho ric  a c id ,  phosphate 
f e r t i l i z e r ,  t i ta n iu m ,  coal 
and in c in e r a t io n  combus­
t io n  u n i ts  has proven 
s u c c e s s fu l.
rocn
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T A B L E I I I  C O M P A R I S O N  O F  S A M P L I N G  T R A I N C O M P O N E N T S  A N D  A C C E S S 0 R I  E S
T Y P I C A L  P A R T I C U L A T E C 0 L L E C T 0 R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE GLASS CLOTH FILTER
MEMBRANE
FILTER
TAR
CAMERA IMPINGERS CYCLONES OTHERS
USPHS
S p e c if ic a t io n s
f o r
In c in e ra to r  
T e s tin g  a t 
Federa l 
F a c i l i t i e s
O c to b e r, 1967
Not mentioned N o t m entioned Not m entioned Not m entioned Not 
men- 
t i  oned
4 G reenburg-Sm ith im p inge rs  
in  an ic e  b a th . The f i r s t  
im p in g e r has th e  t i p  
re p la ce d  w ith  a 1 /2  in .  I .D .  
g la ss  tube ex te n d in g  1 / 2  in .  
from  th e  bottom  o f  im p in g e r 
wh ich c o n ta in s  1 0 0  cc 
d i s t i l l e d  w a te r. The second 
im p inge r has a t i p  and con­
ta in s  1 0 0  cc o f  d i s t i l l e d  
w a te r. The t h i r d  im p in g e r 
is  m o d if ie d  l i k e  th e  f i r s t  
and is  d ry . The fo u r th  
im p inge r is  m o d if ie d  l i k e  
th e  f i r s t  and co n ta in s  175 
gm. o f  d ry  s i l i c a  g e l .
Cyclone m a in ted  a t  a 
te m p e ra tu re  above 250 F
Coarse f r i t t e d  g la ss  
f i l t e r  h o ld e r  ho lds 
2  1 / 2  in .  weighed g la ss  
f ib e r  f i l t e r  (MSA type  
1106 BH f i l t e r  paper) 
m a in ta ined  a t  a minimum 
tem p era tu re  o f  250°F
Kentucky A ir
P o l lu t i  on
C o n tro l
Commission
Recommended
Procedure f o r
In c in e ra to r
and Waste
Burner
Perform ance
T e s ts ,
R e g u la tio n  #3 
R e g u la tio n  #4
Not m entioned N ot m entioned The probe connects 
a s ta in le s s  s te e l 
f i l t e r  h o ld e r  (may b 
heated i f  necessary) 
w ith  47 mm f ib e r  g la  
f i l t e r  Gel man Type A 
( o r  e q u iv a le n t) .
Not m entioned 
e 
ss
Not
men­
t io n e d
4 G reenburg-Sm ith  im p inge rs  
in  an ic e  b a th . The m odi­
f ie d  im p in g e r is  a s ta n d a rd  
im p in g e r w ith  th e  n ozz le  
t i p  c u t  o f f .  The f i r s t  
m o d if ie d  im p in g e r co n ta in s  
10C cc w a te r. The second 
s ta n d a rd  im p in g e r co n ta in s  
100 cc o f  w a te r .  The t h i r d  
m o d if ie d  im p in g e r is  empty 
and d ry .  The fo u r th  m odi­
f ie d  im p inge r co n ta in s  175 
gm o f  d ry  s i l i c a  g e l.
Cyclone co u ld  be used 
fo l lo w in g  th e  probe i f  
coarse p a r t ic u la te s  
a re  p re s e n t in  s ta c k  
gas.
In c in e ra to r  
I n s t i t u t e  o f  
America 
B u i le t in  T- 6  
" I n c i  n e ra to r  
T e s t in g "  
June, 1967
Not mentioned Not m entioned Not m entioned Not m entioned Not
men­
t io n e d
Not m entioned Not m entioned F i l t e r  c o l le c to r s  a re  to  
be 99% e f f i c ie n t  by 
w e ig h t a t  0 . 1  m icrons
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T Y P I C A L  P A R T I C U L A T E C O L L E C T 0 R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE GLASS CLOTH FILTER
MEMBRANE
FILTER
TAR
CAMERA IMPINGERS CYCLONE OTHER
The Ducon 
Company In c .
ED-5 /67-2  
and "S tack  
Sam pling" Paper 
A t 18th 
V enti la t io n  
and A ir  
P o llu t io n  
C o n tro l 
Conference
N orton Alundum Thim ble 
used in  h ig h  tempera­
tu re  sam pling can 
w ith s ta n d  tem pera tures 
as h ig h  as 1500°F. The 
th im b le  is  d r ie d  a t 
125°F f o r  24 hours then 
coo led  in  a d e s ic a to r  
f o r  2 ho u rs . I t  is  
p la ce d  in  a weighed 
sea led  c o n ta in e r  and is  
r e -d r ie d  and re-w eighed 
a f t e r  use. Used in  the  
w e t-d ry  method o f  
d e te rm in in g  d u s t lo ad ­
ings  .
The paper th im b le  removes 
p a r t ic le s  down to  0 .5  
m icrons (Whatman doub le  
th ic k n e s s  paper th im b le )  
and can w ith s ta n d  
tem pera tu res  o f  300°F -  
350°F. The th im b le  to  
be used is  d r ie d  a t  
125°F f o r  24 hours then 
coo led  in  a d e s ic a to r  
f o r  2 ho u rs . I t  is  
p laced  in  a w e ighed, 
sea led  c o n ta in e r  and is  
re -d r ie d  and re -w e ig hed  
a f te r  use. Used in  th e  
d ry  and d ry -w e t methods 
o f  d e te rm in in g  d u s t 
lo a d in g s .
Not m entioned. Not
m entioned
Not
men­
t io n e d
3 im p in g e rs  c o n ta in in g  
d i s t i l l e d  w a te r used when 
sam p ling  f o r  a s p e c i f ic  
gaseous component by th e  
w e t and d ry -w e t methods 
o f  d e te rm in in g  d u s t lo a d ­
ings  .
Not m entioned. Not m entioned.
County o f  
Los Angeles 
Source T e s tin g  
Manual
1963-65
Alundum th im b le s  
(45 x 127 mm RA98 
coarse p o ro s i ty )  are 
used f o r  d ry  c o l le c t io n  
o f  p a r t ic u la te s  from  
h o t gases and are  he ld  
in  m eta l h o ld e rs . The 
th im b le  and h o ld e r may 
be used a t  vacuums up 
to  about 8  in .  o f  
m ercu ry and a t tempera­
tu re s  l im ite d  o n ly  by 
th e  m a te r ia ls  o f  con- 
s t r u c t i  on . Th im b1es 
a re  heated to  1600°F 
f o r  1 h o u r, coo led 
s lo w ly ,  l in e d  w ith  
g la s s  w o o l, heated to  
105°C f o r  1 h o u r, 
coo led  in  a d e s ic a to r ,  
weighed and assembled 
in  h o ld e r .  Used 
th im b le s  are  leached w 
w ith  h o t ,  d i lu t e  HC1 
(d is c a rd in g  g la ss  wool) 
fo llo w e d  by h o t d is ­
t i l l e d  w a te r.
F re q u e n tly  tem pera tures 
o f  700° o r  h ig h e r  are  
found  in  s ta c k s . S ince 
sample c o l le c t io n  times 
a re  abo u t an h o u r, i t  is 
be m a in ta in e d  a t  tempera 
400° in  o rd e r n o t to  ove 
o r  to  change i t s  p rope rt 
p re ssu re  drop th rough  an 
ra te s  shou ld  no t exceed 
Alundum th im b le  fo llow ed  
used f o r  d ry  c o l le c t io n  
b o i le r s ,  h e a te rs , and in 
commended f o r  gases cort
S in g le  th ic k n e s s  paper 
e x t ra c t io n  th im b le s  
(43 x 123 mm Whatman 
th im b le s )  a re  used as 
d ry  c o l le c to r s  o f  p a r­
t i c u la t e  m a tte r  and a re  
mounted in  g la ss  o r  
m eta l h o ld e rs . The gases 
pass ing  th ro ugh  th e  
th im b le  must be above 
t h e i r  de w -p o in t tem pera­
tu re  b u t below 250°F. 
Paper th im b le  c o l le c t io n  
o f  gases c o n ta in in g  
o rg a n ic  o r  h yg ro sco p ic  
m a te r ia l is  n o t adv ised . 
E rro rs  in  th im b le  w e ig h t 
d e te rm in a tio n s  cou ld  
r e s u l t  from  v o l a t i l i t y  
o r  w a te r re te n t io n  by 
th e  c o l le c te d  m a te r ia l.  
When c o l le c t in g  a c id  
a e ro so ls  o r  m eta l o x id e  
fum es, th e  th im b le  p re ­
cedes th e  im p ingers  
because o f  th e  poo r 
c o l le c t io n  e f f ic ie n c y  o f 
th e  im p ingers  where 
m eta l o x id e  fumes a re  
p re s e n t.
adv ised  th a t  th e  th im b le  
tu re s  no h ig h e r than 300° -  
rhea t th e  c o l le c te d  m a te r ia l 
es. Because o f  h igh 
Alundum th im b le  sam pling 
D. 8  cfm a t  th e  m ete r. The 
by th e  im p inge rs  can be 
o f p a r t ic u la te  m a tte r  from  
c in e ra to rs  and is  re c -  
a in in g  h yg ro sco p ic  m a te r ia l .
D u ring  sam pling  th e  
Alundum th im b le  may 
become clogged which 
ra is e s  th e  p re ssu re  
d rop  even fu r t h e r .  To 
m in im ize  t h is  e f fe c t ,  
and to  f a c i l i t a t e  
c le a n in g  o f  th e  
th im b le s  f o r  re -u s e , 
a f in e  grade o f  g lass  
f ib e r  wool (C orn ing 
AA Pyrex G lass Wool) 
i s  used to  l i n e  the  
in s id e  o f  th e  th im b le  
to  a th ic k n e s s  o f  
about 1 / 8  o f  an in ch . 
T h is  la y e r  o f  wool 
a ls o  im proves the  
f i l t e r i n g  e f f ic ie n c y  
o f  th e  Alundum th im b le .
Not
m entioned
Not
men­
t io n e d
3-500 m l. G reenburg-Sm ith 
im p in g e rs  a re  used f o r  
w e t c o l le c t io n .  The f i r s t  
two im p in g e rs  c o n ta in  
1 0 0  m l. d i s t i l l e d  w a te r 
and th e  t h i r d  is  d ry . A l l  
im p in g e rs  are  p laced  in  an 
ic e  b a th . The t h i r d  
im p in g e r removes w a te r 
w h ich  may harm th e  gas 
m e te r o r  pump t h a t  fo llo w s  
th e  im p ingers
Glass cyc lo n e  is  used 
to  c o l le c t  p a r t ic le s  
g re a te r  than  5 m icrons 
in  d ia m e te r a t  sam p ling  
ra te s  o f  0 .3 -0 .5  cfm.
Used in  th e  sam pling  o f  
in c in e r a to r  em iss ions 
where in fo rm a tio n  on th e  
w e ig h t o f  p a r t ic u la te s  
above 5 m icrons is  
d e s ire d . B e fo re  the  t e s t  
th e  cyc lo n e  is  heated to  
105°C f o r  1 /2  h o u r, c o o l­
ed in  a d e s ic a to r  and 
weighed. I t  is  heated 
above th e  dew p o in t  
tem p era tu re  o f  th e  gases 
du rin g  th e  t e s t .
Not m entioned.
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FILTER
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CAMERA IMPINGERS CYCLONE OTHERS
M a n u fa c tu ri ng 
C hem ists '
Assn. In c .
" A i r  P o llu t io n
Abatement
Manual"
1952
Not m entioned Whatman #4 f i l t e r  paper 
clamped between 2  ground 
g lass  jo in t s .  Sampling 
ra te s  o f  60 cfm can be 
used w ith  a c id  re co ve rie s  
as h ig h  as 91-97%
F i l t e r s  made o f  
c e r ta in  p la s t ic s  and 
re s in s  o r  o f  va r io u s  
f ib e r s  coated w ith  
re s in s  deve lop 
s u f f i c ie n t  e le c t r ic a l  
charge to  a t t r a c t  
p a r t ic le s  o f  d u s t .  A 
g la s s  wool f i l t e r  is  
recommended f o r  
c o l le c t in g  to x ic  
p a r t ic u la te  m a tte r  
such as le a d  o x id e .
The f in e  
pore  p la s t i c  
m o le cu la r 
f i l t e r  has 
a sm all 
re s is ta n c e  
to  a i r  f lo w ,  
po re  s iz e  is  
ve ry  s m a ll,  
can be made 
tra n s p a re n t 
f o r  use under 
a m icroscope . 
Lacks h igh 
te m p e ra tu re  r  
th e  p a r t ic le s  
f i l t e r s  a re  a 
a c e ta te . The
1. HA (h yd ro
2. AA (aeros
3. AP (aeros
Not
men­
t io n e d
e s is ta n c e . 
a re  c o l le  
com b in a ti 
/  a re  ava i
so l assay) 
o l assay) 
o l p ro te c t
For c o l le c t in g  r e a d i ly  
s o lu b le  gases, s tandard  
ASTM s u lp h u r  d e te rm in a tio n  
absorbers are used w ith  
50-100 ml o f  th e  re q u ire d  
reagen t w ith  a sam pling 
ra te  o f  0 .0 1 -0 .3  cfm. 
G reenburg-Sm ith  im p ingers  
are  u s e fu l f o r  in s o lu b le  
dus ts  g re a te r  than 2  
m icrons in  d ia m e te r a t  a 
sam pling r a te  o f  1 cfm.
They can be d is s o lv e d  and 
c te d  by s e d im e n ta tio n . The 
on o f  c e l lu lo s e  n i t r a t e  and 
la b le  as fo l lo w s :
0 . 1 - 0 .3  m ic ron  po re  s iz e  
0 .5 -0 .7  m ic ron  pore  s iz e  
io n )  1 . 2 - 1 . 6  m ic ron  pore s iz e
A s im p le  cyc lo n e  can be 
used to  remove p a r t ic le s  
g re a te r  than 5 m ic ro n s . 
Cyclones may cause f r a c ­
tu re  o f  la rg e r  p a r t ic le s  
and a g g lo m e ra tio n  o f  th e  
s m a lle r  p a r t ic le s .
Reducing th e  s iz e  o f  the  
gas o u t le t  d u c t d ia m e te r 
w i l l  in c re a s e  c o l le c t io n  
e f f ic ie n c y  as w i l l  an 
in c re a s e  in  cyc lo n e  le n g th .
F i l t e r s  re n d e r p a r t ic le  
e xa m in a tio n  d i f f i c u l t  due 
to  the  i n a b i l i t y  to  
se p a ra te  th e  f i l t e r e d  
m a te r ia l and th e  f i l t e r i n g  
medium. Sugar g ra n u le s  o r  
s a l i c y l i c  a c id  c r y s ta ls  
can be packed between 2  
w ire  screens to  t ra p  p a r­
t i c le s .  The c r y s ta ls  can 
be d is s o lv e d  and th e  p a r­
t ic le s  can be removed from  
th e  s o lu t io n  by f i l t r a t i o n .  
N o t s u i ta b le  f o r  w et o r  
h o t  atm ospheres.
F o r ana lyses o f  s u lp h u r ic  
a c id  m is ts ,  a s e r ie s  o f  
Gooch c r u c ib le s  packed w ith  
asbestos mats is  recom­
mended. Sam pling r a te  is  
ve ry  s low  and c ra c k in g  o f  
th e  asbestos mat p e rm its  
escape o f  a e ro s o l p a r t ic le s .
American 
Petro leum  
I n s t i t u t e  
“'ar.ual On 
D isposa l Of 
D e fin e ry  Wastes
1954
Not mentioned Paper f i l t e r  th im b le s  
43 x 123 mm, capab le  o f  
w ith s ta n d in g  tem pera tu res  
up to  350°F and s u c t io n  
pressures  up to  4 inches 
o f  m e rcu ry . Whatman o r 
J . Green th im b le s  are  
recommended. Paper 
f i l t e r  th im b le s  a re  no t 
s u i ta b le  f o r  heavy dus t 
loads o r  h ig h  m o is tu re  
co n te n t s ta c k  gases. I f  
th e  gas te m p e ra tu re  is  
below 350op, th e  f i l t e r  
can be used in  th e  s ta c k . 
I f  used o u ts id e  th e  
s ta c k ,  th e  f i l t e r  h o ld e r 
must be heated above the 
dew p o in t  o f  th e  gases.
G la s s -c lo th  f i l t e r  
th im b le s  o f  f i n e l y  
woven g la ss  c lo t h , 
capab le  o f  w ith s ta n d ­
in g  tem p era tu res  as 
h ig h  as 750°F and 
p re ssu re  drops o f  
6  inches o f  m ercu ry . 
They work w e ll f o r  
coarse d u s t and heavy 
d u s t loads b u t n o t  f o r  
ve ry  sm a ll p a r t ic le s .  
They can be used 
s u c c e s s fu l ly  as a p re ­
f i l t e r  b u t must be 
kep t d ry  s in c e  
m o is tu re  c lo g s  th e  
po re s . Can be used 
se ve ra l tim es when 
cleaned p ro p e r ly .
Not m entioned Not
men­
t io n e d
ASTM Lamp S u lphu r 
Absorbers (D90) a re  used 
w ith  a medium p o ro s i ty  
f r i t t e d  g la s s  d is c  to  
c o l le c t  gases. Two 
abso rbe rs a re  used in  
s e r ie s  and a sam pling 
ra te  o f  2 -3  cfm is  
recommended. For long 
sam p ling  p e r io d s  the  
G reenburg-Sm ith  im p inge r 
is  recommended. A m odi­
f ie d  G reenburg-Sm ith and 
Hatch p y re x  im p in g e r w ith  
th e  im pingem ent p la te  
covered t o  a depth o f  
30 mm is  used.
D is t i l l e d  w a te r ,  a lc o h o l,  
o r  o th e r  s u i ta b le  s o l­
ven ts  can be used. I t  
is  p a r t ic u la r l y  u s e fu l 
f o r  d e te rm in in g  sm a ll 
c o n c e n tra t io n s  in  la rg e  
volumes o f  sample and 
f o r  c o l le c t in g  fumes and 
ae ro so ls  s m a lle r  than 1 
m icron  in  d ia m e te r.
Not m entioned Mot m entioned
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ALUNDUM THIMBLE
Alundum f i I t e r s  
(45 mm x 127 mm or 
34 mm x 100 mm) can 
w ith s ta n d  a p ressure  
drop o f  25 in .  o f 
m ercury and tempera­
tu re s  o f  1000°F. Can 
be used in  th e  s tack  
to  o b ta in  a d ry  sample. 
To p re ve n t increased  
p ressu re  drop  due to  
p a r t ic le  b u i ld u p ,  the  
th im b le  is  packed w ith  
a f in e  spun g la s s .
The f i l t e r  has h igh wet 
s t re n g th ,  h igh  chem ical 
re s is ta n c e .  Where 
cond ensa tion  is  a 
p rob lem , th e  alundum 
f i l t e r  can be oven- 
d r ie d  to  i t s  o r ig in a l  
w a te r  c o n te n t more 
a c c u ra te ly  than a paper 
th im b le . I t  is  very 
s u i ta b le  f o r  p a r t ic u la te  
c o l le c t io n  f o r  w e igh t 
a n a ly s is .
PAPER THIMBLE
A Whatman #41 f i l t e r  
paper d is c  in  a h o ld e r 
is  recommended f o r  
c o l le c t in g  a wide 
range o f p a r t ic u la te s  
in c lu d in g  m eta l fumes 
when gas tem pera tu re  
is  below 100°C. I f  
h igh  p a r t ic u la te  con­
c e n tra tio n s  e x is t ,  a 
la rg e r  f i l t e r  a rea is  
re q u ire d  to  lessen th e  
p ressu re  drop  a t  the  
same f lo w .
The Whatman paper 
th im b le  43 mm x 123 nm 
can w ith s ta n d  p ressu re  
drops o f  4 inches o f  
m ercury i f  th e  f i l t e r  
is  kep t d ry  and tempera­
tu re s  up to  300 F. 
Th im b le  w i l l  n o t stand 
w e tt in g .  The paper 
f i l t e r  is  b e s t s u ite d  
f o r  w e ig h t a n a ly s is .
Not recommended when 
gas c o n ta in s  o rg a n ic  
o r  h yg ro sco p ic  p a r­
t i c u la t e  m a tte r .  
D i f f i c u l t ie s  r e s u lt  
when t r y in g  to  remove 
p a r t ic le s  from  th e  
in te r s t ic e s  o f  the  
f i l t e r  and th e re fo re  
are  n o t recommended 
f o r  e xa c t s iz e  a n a ly s is
GLASS CLOTH FILTER
The g la s s  f i b e r  bag has a 
la rg e r  h o ld e r  than  the  
paper th im b le  and i t  can 
w ith s ta n d  a p re ssu re  drop 
o f  6  in ches o f  m ercury and 
a te m p e ra tu re  o f  750 F. 
M o is tu re  tends to  c lo g  th e  
po res . F i l t e r s  work w e ll 
on coarse p a r t ic u la te  under 
h igh  c o n c e n tra t io n s  b u t are  
n o t good f o r  f in e  p a r t ic u ­
la te  (fum es) un le ss  i t  is  
fo llo w e d  by a paper th im b le  
w h ich  w i l l  t ra p  th e  f in e  
p a r t ic u la te .
G lass f i b r e  f i l t e r s  are  
made fro m  f i n e l y  spun g la s s  
f ib r e  w i th  an o rg a n ic  
b in d e r .  Can be f la s h  f i r e d  
to  remove b in d e r .  Have 
h igh  e f f ic ie n c y  and can be 
used a t  te m p e ra tu re s  o f  
540°C. F i l t e r s  are r e la ­
t i v e l y  n o n -h y g ro s c o p ic , 
n o n -c o rro s iv e  bu t have a 
f r i a b le  n a tu re .
M ixed f ib r e  f i l t e r s  are 
a ls o  used . The CWS- 6  
f i l t e r  is  f re q u e n t ly  used 
as an a b s o lu te  f i l t e r .
MEMBRANE
FILTER
Membrane 
f i l t e r s  con­
s is t  o f  d ry  
g e ls  o f  
c e l lu lo s e  
e s te rs  ( 
(a c e ta te ,  
n i t r a t e )  ca s t 
on a smooth 
f l a t  sub­
s tra te .w h ic h  
c o n tro ls  the  
pore s iz e .  
F i l t e r s  are 
b r i t t l e  and 
can be used 
a t  low 
tem pera tu res 
(be low  150°C) 
Mi H i  pore 
f i l t e r s  have 
d i f f e r e n t  
te x tu re  on 
th e  two s ides 
whereas 
Gelman 
f i l t e r s  are 
f a i r l y  
u n ifo rm . 
F i l t e r s  can 
be made 
tra n s p a re n t 
f o r  m ic ro ­
sco p ic
a n a ly s is  and 
can be 
re a d i ly  
ashed.
TAR
CAMERA
Not
men­
t io n e d
IMPINGERS
The G reenburg-Sm ith  
im p in g e r has th e  h ig h e s t 
e f f ic ie n c y  (by w e ig h t)  o f  
c o l le c t io n  when th e  n ozz le  
t i p  is  n o t more than 5 mm 
above th e  im pingem ent 
p la te  and is  submerged in  
a t  le a s t  75 ml o f  l i q u id  
a t  f lo w ra te s  n o t le ss  than 
1 c fm . Has low e f f ic ie n c y  
on p a r t ic le s  le ss  than  1 
m ic ron  in  d ia m e te r. A t 
1 cfm th e  p re ssu re  drop 
th ro u g h  th e  im p in g e r is  
3 in .  o f  m e rcu ry . The 
main fu n c t io n  o f  the  
im p in g e r is  to  fo rc e  th e  
co n d ensa tion  o f  th e  w a te r 
vapo r in  th e  gas sample.
M in ia tu re  cyc lones o f 
1 - 8  inches d ia m e te r a re  
used to  ca tch  p a r t ic le s  
g re a te r  than 5 m icrons 
in  d ia m e te r. Cyclone 
can be hea ted i f  necessary.
OTHERS
The l i g h t  w e ig h t g la s s  
wool f i l t e r  c o n s is ts  o f  a 
bed o f  r a v e lle d  g la s s  wool 
f ib e r s  h e ld  in  p la ce  by 
s ta in le s s  s te e l gauze d iscs  
surrounded by a tra n s p a re n t  
case. F ib e rs  must be 
normal to  gas f lo w  to  
p re v e n t c h a n n e lin g . The 
f i l t e r  is  s u i ta b le  f o r  
w e ig h t and s iz e  a n a ly s is .  
Can w ith s ta n d  tem p era tu res  
to  400°C bu t f ib e r s  become 
b r i t t l e  a t  200°C so f o r  
e f f i c ie n t  c o l le c t io n  tem­
p e ra tu re  shou ld  n o t exceed 
200 C.
The f e r r u le  g la s s  wool 
f i l t e r  c o n s is ts  o f  a bed 
o f  g la ss  wool f ib e r s  p re ­
ceded by a zone o f  60 
mesh s ta in le s s  s te e l gauze 
f e r r u 1 es. Temperatu re
l im i t a t i o n  is  400°C b u t t h is  f i l t e r  has a h ig h e r  d u s t c a p a c ity  than the  p la in  g la s s  
wool f i l t e r  making i t  s a t is fa c to r y  f o r  use in  gases w ith  h igh  p a r t ic u la te  c o n c e n tra t io n .  
The s la g -w o o l f i l t e r s  c o n s is ts  o f  f in e ,  lo n g , s tro n g  s la g -w o o l f ib e r s  low in  d u s t con 
c o n te n t packed in to  a bed. A t gas v e lo c i t ie s  o f  le ss  than 1 f t / s e c ,  v e ry  h igh  c o l le c ­
t io n  e f f ic ie n c y  on subm icron p a r t ic le s  is  p o s s ib le  a t  tem pera tu res  as h igh as 150°C. 
S lag -w oo l w i l l  lo se  w e ig h t as i t  has a f r i a b le  n a tu re . S lag-w oo l w i l l  g a in  w e ig h t by 
re a c t in g  w ith  SCL and SO3  in  the  presence o f  w a te r .  S lag-w oo l f i l t e r s  a re  n o t 
recommended f o r  w e ig h t a n a ly s is  i f  th e  f i l t e r  must be reweighed a f te r  sa m p lin g . O il 
m is ts  may be e x tra c te d  by means o f  a s o lv e n t ,  th e  r e s u lt in g  s o lu t io n  f i l t e r e d ,  the 
s o lv e n t  evapora ted  and th e  o i l  we ighed. The s o lu b le  p o r t io n  o f  th e  s la g -w o o l may be 
leached  o f f  b e fo re  th e  s la g -w o o l is  packed in  th e  f i l t e r .
There a re  two types o f  com posite f i l t e r s .  The th re e  s tage  f i l t e r  c o n s is ts  o f
a bed o f  g la s s -w o o l f ib e r s  fo llo w e d  by a s la g -w o o l f i b e r  bed o f  th e  same th ic k n e s s  which 
in  tu rn  is  fo llo w e d  by a th in n e r  g la ss -w o o l bed. The t h i r d  s tage  t ra p s  p a r t ic le s  o f  
s la g -w o o l detached from  stage two d u r in g  sa m p ling . The fo u r  s tage  com posite  f i l t e r  has 
a f e r r u le  s tage  p re ced ing  the  o th e r th re e  s ta g e s . A l l  stages a re  o f  same th ic k n e s s .  
These f i l t e r s  can han d le  h igh gas f lo w  r a te ,  h igh  dus t lo a d in g s  and tem p era tu res  up to  
150°C.
In  th e  s o lu b le  type  f i l t e r ,  th e  medium must be s o lu b le  in  a l i q u id  which w i l l  n o t re a c t  
w ith  th e  c o l le c te d  p a r t ic u la te s .  S u ita b le  media are  su g a r, s a l t ,  s a l i c y l i c  a c id ,  
acenaphthene. The s a l i c y l i c  a c id  f i l t e r  removes subm icron s iz e d  p a r t ic le s  a t  tem per­
a tu re s  up to  50 C. The s o lv e n t used is  a lc o h o l.  For th e  acenaphthene f i l t e r  th e  
s o lv e n t  is  c h lo ro fo rm  o r  carbon t e t r a c h lo r id e .  S o lu b le  f i l t e r s  a re  s u i ta b le  f o r  s iz e  
and w e ig h t a n a ly s is  s in c e  no co n ta m in a tio n  by th e  f i l t e r  medium n o r change in  s ta te  o f  
th e  c o l le c te d  p a r t ic le s  w i l l  o ccu r.
C e llu lo s e  f ib r e  f i l t e r  papers are made o f  p u r i f ie d  c e l lu lo s e  ou lp  f o r  use in  l i q u id -  
s o l id  s e p a ra t io n s  a t  tem pera tu res  o f  80-150 C. F i l t e r s  a re  n o n -u n ifo rm , have v a r ia b le  
f lo w  re s is ta n c e  and c o l le c t io n  e f f ic ie n c y ,  o fte n  c o n ta in  p in h o le s  and p lu g  r a p id ly .
Low ash c o n te n t makes them s u ita b le  f o r  a n a ly s is  p re p a ra t io n  where hea t o r  chem ica l 
ash ing is  re q u ire d . Can c a p tu re  a c o n s id e ra b le  amount o f  d u s t. ro
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C o n tro l 
B. B. C rocker 
K.B. S c h n e lle  J r .
1969
Alundum th im b le s  are 
used where h ig h  w e t 
s t re n g th ,  h igh tem pera­
tu re s  and h igh chemical 
re s is ta n c e  c h a ra c te r ­
is t ic s  are d e s ire d .
Flow c a p a c ity  is  l im ite d  
and p ressure  drop is  
very h igh .
Paper th im b le  can have 
a po re  s iz e  to  r e ta in  
p a r t ic le s  from  0 . 1  
m icrons to  1 . 0  m ic rons . 
They p lug  r a p id ly  under 
heavy dus t loads and 
can be used a t  tem pera­
tu re s  up to  300 F and 
p re ssu re s  o f  4 in .  o f  
m ercu ry. M ust be kept 
d ry  and cannot be used 
w ith  m is ts  o r  gases 
near th e  dew p o in t .
G lass c lo th  f i l t e r s  have 
h igh  f i l t e r i n g  c a p a c ity  
and can be used a t  tem­
p e ra tu re s  o f  750 F.
Used in  d ry  s i t u a t io n s  
to  p re v e n t p lu g g in g .
Not m entioned Not
men­
t io n e d
Three G reenburg-Sm ith  
im p inge rs  a re  used in  
s e r ie s  packed in  an ic e  
b a th . The f i r s t  two 
c o n ta in  w a te r  ( o r  a n o the r 
s u i ta b le  re a g e n t)  and th e  
t h i r d  is  l e f t  d ry .  Recom­
mended f lo w  r a te  is  1 cfm.
G lass c y c lo n e  can remove 
a l l  p a r t ic le s  g re a te r  than  
3 m ic rons  in  d ia m e te r . I t  
can in d ic a te  th e  r a t i o  o f  
f in e  to  la rg e  p a r t ic le s  in  
a s ta c k .
A t h i s t l e  tu b e  t i g h t l y  
packed w ith  g la s s  f ib e r s  
wool and re s in -c o a te d  
s y n th e t ic  f ib r e s  has 
a ls o  been used.
American 
Foundrymens1 
S o c ie ty  &
The Gray and 
D u c t i le  I ro n  
Founders ' 
S o c ie ty  In c . 
J o in t  Committee 
"T e n ta t iv e  
P ra c t ic e  f o r  
T e s tin g  o f Dry 
P a r t ic u la te  
Em issions From 
I ro n  Foundry 
Cupolas (N ot 
f o r  General 
C ir c u la t io n )  
ASME PTC 27 
v a r ia t io n
1969-70
Not m entioned Not m entioned MSA Type 1106 BH g la s s  
f ib r e  f i l t e r  is  recom­
mended f o r  cupo la  
sam pling t r a in s .  Meets 
re q u ire d  99% c o l le c t io n  
e f f ic ie n c y  c r i t e r i a ,  
p e rm its  h ig h e r  tem pera tu  
f i l t r a t i o n ,  has h igh  f lo v  
p e rm e a b ility  and good 
m o is tu re  s t a b i l i t y  b u t i  
s u b je c t  t o  f i b r e  f r a c ­
t io n a t io n  which r e s u lts  
in  p a r t ic le  c o n ta m in a tio  
and w e ig h t lo s s  in  hand! 
in g .  There is  ra p id  
p re ssu re  b u ild u p  due to  
system c o n d e n sa tio n . 
Sampler u n its  housing 
th e  f i l t e r  m ust be made 
o f  c o r ro s io n  r e s is ta n t  
m a te r ia l and must p e rm it 
easy removal and in s t a l ­
la t io n  o f  f i l t e r  media.
Not m entioned 
"e
4
1
Not
men­
t io n e d
S crubb ing  o r  condensing 
systems a re  u n s a t is fa c to ry  
f o r  p a r t ic u la te  f i l t r a t i o n  
in  cupo la  sam p ling  t r a in s .  
These systems prom ote th e  
fo rm a tio n  o f  re a c t io n  
p ro d u c ts  n o t found  in  th e  
gas s tre a m . S in ce  most 
im p in g e rs  and w e t c o l le c t ­
in g  app ara tus  a re  a s s o c i­
a ted  w ith  low volume 
sam pling  ra te s  ( 1  cfm) 
they do n o t le n d  them selves 
w e ll to  th e  e s ta b lis h e d  
need o f  a h ig h  volume 
sam pling  r a te  (o v e r  3 c fm ). 
The r e p o r t in g  o f  conden- 
s ib le  m a te r ia l p re se n t 
in  th e  gas phase in  cupo la  
exhausts and in  pass ing 
th ro u g h  th e  h ig h  e f f ic ie n c y  
f i l t e r  is  in c o n s is te n t  w ith  
th e  d e f in i t io n  o f  p a r t i ­
c u la te  m a tte r .
Samplers shou ld  in c o rp o ra te  
a sm all d ia m e te r , s ta in le s s  
s te e l c y c lo n ic  c o l le c to r  
ahead o f  th e  u l t im a te  
f i l t e r  medium. Cyclones 
remove th e  la rg e r  p a r t ic le s  
and p ro lo n g  th e  sam pling 
p e r io d  b e fo re  p re ssu re  
b u ild u p  on th e  f i l t e r  
r e s t r ic t s  th e  sam pling ra te  
Cyclones p ro v id e  a con­
v e n ie n t  method o f  m easuring 
th e  gas f lo w  ra te  th ro ugh  
th e  sam pling  t r a in .
A sa teen  112 c o tto n  
f a b r ic  f i l t e r  o f  th e  
bag o r  tube  typ e  is  a ls o  
recommended f o r  cupo la  
sa m p lin g . F i l t e r  must 
be th o ro u g h ly  washed and 
r in s e d  p r io r  to  use to  
be f re e  o f s ta rc h  o r  
s iz in g  m a te r ia ls .  T h is  
f i l t e r  has a h ig h  c o l le c ­
t io n  e f f i c ie n c y ,  good 
f lo w  p e rm e a b i l i ty ,  freedom  
from  sam ple c o n ta m in a tio n , 
freedom  from  p lu g g in g  o r  
excess ive  p re s s u re .
Ameri can 
A ir  F i l t e r  
Company In c . 
R eport 139 
1956
5 in c h  Dust
Sampler
13 in c h  Dust
Sampler
O pera ting
In s tr u c t io n s
Not mentioned Paper th im b le s  are  no t 
ve ry  u s e fu l because o f 
th e  l im i t a t io n s  to  the 
w e ig h t o f  sam ple th a t  
co u ld  be c o l le c te d ,  
because o f  t h e i r  break­
down under h o t and 
m o is t o p e ra tin g  
c o n d it io n s .
The recommended f i l t e r  
medium is  an AA g la s s  
f ib r e  mat 50FG w ith  a 
nom inal f i b r e  d ia m e te r 
o f  0.00004 in ,  0 .6  l b / f t  
average d e n s ity  and 0 .5  
in .  th ic k n e s s .  The bond 
in g  m a te r ia l p re s e n t in  
th e  f i l t e r  m ust be re -  
moved by h e a tin g  to  600 
i f  h igh  tem p e ra tu re  
sam p ling  is  to  be con­
s id e re d . The f ib r e  is  
s u b je c t t o  th e rm a l break 
down a t  800 F. T h is  
f i l t e r  has been proven 
to  have th e  b e s t m o is tu r  
re s is ta n c e .
Not m entioned
3
F
e
Not
men­
tio n e d
The w et im p in g e r dev ices 
were e l im in a te d  because 
o f  t h e i r  l im i t a t io n  to  
th e  amount o f  gas th a t  
co u ld  be sampled and 
because o f  the  breakdown 
o f  th e  method under h igh  
tem p e ra tu re  sam pling  
c o n d it io n s .
Not m entioned When sam pling  m is ts  and 
va p o rs , 4 gas washing 
b o t t le s  o f  500 ml c a p a c ity  
w ith  coarse p o r o s i ty  
f r i t t e d  d is c s  were used. 
B o t t le s  were f i l l e d  w ith  
2 0 0  ml o f  d i s t i l l e d  w a te r  
and th e  sam pling  r a te  was 
s e t  a t  0 . 1 2  cfm.
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In d u s t r ia l Gas 
C leaning 
I n s t i t u t e  In c . 
IGCI E-P2 
Wet Col le c to rs  
D iv is io n
P u b lic a t io n  N o .1 
1964-65
May be used May be used G lass c lo th  has many 
advantages ove r o th e r  
f i l t e r s  b u t i t  is  
d i f f i c u l t  to  remove 
th e  d u s t w ith o u t  having 
i t  con tam ina ted  w ith  
broken g la s s  f ib r e s .  
O th e r fa b r ic s  were 
m entioned such as 
c o t to n ,  w oo l.
Not m entioned Not
men­
t io n e d
N ot m entioned
w h ich has a f i l t e r i n g  e f f i c i  
be encoun te red  d u r in g  th e  te  
s t re s s  to  wh ich i t  w i l l  be s 
d is c  o r  bag fo rm  so th e  dus t
N ot m entioned
ency o f  99.0% f o r  d u s t o f  th e  
s t ,  and which w i l l  w ith s ta n d  t  
u b je c te d . The f i l t e r i n g  m ate r 
can be re ta in e d  f o r  d ry in g  an
In  g e n e ra l,  th e  f i l t e r i n g  
d e v ice  sh o u ld  be lo c a te d  
in  f r o n t  o f  th e  m easuring 
and e xh a u s tin g  d e v ic e s .
The le n g th  o f  tu b e  between 
th e  sam p ling  n o z z le  and 
th e  f i l t e r i n g  d e v ic e  must be 
a minimum. The f i l t e r  can 
be made o f  any m a te r ia l 
a pp rox im a te  s iz e  a n a ly s is  to  
he te m p e ra tu re , h u m id ity ,  and 
ia l  is  made in  th im b le ,  f l a t  
d w e ig h in g .
N a tio n a l Dust
C o lle c to r
C o rp o ra tio n
R eport #177
In s tr u c t io n s
fo r  Sampling
P a r t ic u la te s
1968
N ot m entioned The f i l t e r  h o ld e r is  
screwed on th e  end o f  
th e  probe and has a 
h e a te r a ttach m en t.
Type E Gelman g lass  
f ib r e  f i l t e r  paper is  
used which w i l l  w i th ­
s tand  tem pera tu res o f  
450 F and has a f i l t r a ­
t io n  e f f ic ie n c y  o f  
99.97% f o r  0 .3  m icron  
p a r t ic le s .  The f la n g e s  
h o ld in g  th e  f i l t e r  paper 
sprayed w ith  a s i l ic o n e  r  
p re v e n t s t ic k in g  to  th e  pc 
w i l l  b reak i f  i t  ge ts  wet 
hea ted. F i l t e r  must be d 
a t  2 0 0 °  p r io r  to  use
N ot m entioned
n th e  h o ld e r  are  
p lease agent to  
ip e r .  F i l t e r  paper 
so i t  m ust be 
* ie d  f o r  1 / 2  hour
Not m entioned Not 
men- 
t i  oned
Condenser used a f t e r  th e  
f i l t e r  h o ld e r  to  reduce 
th e  gas tem pera tu re  to  
p re v e n t damage to  gas 
m ete r and to  remove any 
m o is tu re  from  th e  gases.
I f  gas tem p era tu re  does 
n o t exceed 120 F condenser 
may be e lim in a te d .
Not m entioned Not m entioned
Gelman 
Ins tru m e n t 
Company 
T ech n ica l 
B u l le t in  503
1966
Not m entioned Type W41 paper f i l t e r s  
a re  in e xp e n s ive , have 
low  f lo w  re s is ta n c e .
They a re  no t recommended 
f o r  subm icron p a r t ic le s  
and cannot be used f o r  
m ic ro s c o p ic  a n a ly s is .  
F i l t e r  h o lde rs  are  
s ta in le s s  s te e l o r 
aluminum.
G lass f ib e r  f i l t e r s  
a re  in e xp e n s ive , 
s t ro n g ,  and have a 
h ig h  d i r t  h o ld in g  
c a p a c ity .  They are  
easy to  d ry  and 
weigh and are  
e x tre m e ly  low in  
m e ta l l i c  im p u r it ie s .  
Type A f i l t e r s  are  
made o rg a n ic - f re e  
f o r  d e te rm in a tio n  
o f  o rg a n ic  p o l lu -  
ta n ts  up to  900°F.
V in y l 
M e tr ic e l 
Membrane 
f i l t e r s  are  
th e  most 
e f f i c ie n t  f i l t  
s ta ck  sam pling 
pore r a t in g s  c 
0 .8 ,  0 .45  m icr 
They fu n c t io n  
s o lu te  f i l t e r s  
p a r t ic le s  equc 
pore s iz e  and 
e f f i c ie n t  on p 
s m a lle r  than  n 
s iz e .  They ar 
f o r  m ic roscop i 
and can be mac 
p a re n t w ith  c 
They can be ol 
w ith  im p r in te c  
a id  in  c o u n tir  
are r e la t iv e ly  
h yg ro sco p ic  ar 
can be weighec 
a c c u ra te ly .
Not
men­
t io n e d
ers f o r  
. Mean 
re  10, 5 , 
'ons. 
as ab- 
f o r
1 to  mean 
a re  99% 
a r t i c le s  
nean po re  
'e id e a l 
c a n a ly s is  
e t ra n s -  
e a r in g  o i l  
ta in e d  
1 g r id s  to  
g . They 
non- 
d hence 
more
A l l  g la s s  im p ingers  remove 
gaseous p o l lu ta n ts  from  
th e  a i r  by a b s o rp tio n  in  a 
s u i ta b le  re a g e n t. Im p ingers  
c o l le c t  a l l  p a r t ic le s  above 
2  m ic rons  and are  equipped 
w i th  b u b b le rs  to  in c re a se  
c o n ta c t t im e  o f  hard to  
absorb gases. The m idge t 
im p in g e r a llo w s  sam pling 
ra te s  o f  0 . 1  cfm f o r  
sam p ling  process stream s 
o f  10,000 cfm. The 1 cfm 
G reenburg-Sm ith im p in g e r 
is  f o r  la rg e r  stream s.
Sample gas can e n te r  th e  
im p ingers  a t  tem p era tu res  
n o t exceeding 500°F
Not mentioned N ot m entioned
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Hydro E le c t r ic  
Power Commission 
o f  O n ta r io
January
1966
V a r ia t io n  
o f  BCURA
A paper f i l t e r  is  o f  
l im ite d  use in  heavy 
dus t lo a d in g  c o n d it io n s  
and is  n o t  recommended.
The two grade g la s s  
wool f i l t e r  w i11 ho ld  
f in e  p a r t ic le s  bu t 
recove ry  f o r  s iz e  
te s t in g  i s  a lm ost 
im p o s s ib le . Gas 
streams a t  tem pera­
tu re s  o f  650 F-700°F 
were sampled us ing  
g la ss  wool f i l t e r s ,  
th e  cove r o f  which 
is  p ro v id e d  w ith  two 
c o n c e n tr ic  " 0 " r in g s  
o f  s i l ic o n e  rubbe r 
f o r  s e a lin g .  A t these 
h igh tem p era tu res  th e  
rubbe r hardened and 
th e  sea l was lo s t .
V ito n  r in g s  were te s te d  
and la s te d  1 2  m in u te s . 
G rap h ited  asbestos 
r in g s  f a i l e d .  U lt r a  
t h in  w a lle d  s ta in le s s  
s te e l " 0 " r in g s  may be 
th e  answer.
Not m entioned Not
men­
t io n e d
Not m entioned Cyclone can be used w ith  
o r  w ith o u t  a f i I t e r  
fo l lo w in g  i t .  A sm a ll 
p o t below th e  cyc lo ne  
re ta in s  a l l  the  c o l le c te d  
m a te r ia l and conn ections  
are  p ro v id e d  to  measure 
the  p ressu re  drop across 
th e  cyc lo ne  which in d ic a te s  
th e  ra te  o f  f lo w .  O r ig in a l 
BCURA c o l le c t o r  po ts  were 
rep la ced  w ith  la rg e r  ones 
( 8  tim es la rg e r )  w h ich 
cou ld  cover th e  e n t ir e  
24 p o in t  tra v e rs e  w ith o u t  
o v e r f i l l i n g .
F i l t e r  th im b le s  w i th  a 
pore  s iz e  sm a ll enough 
to  re ta in  p a r t ic le s  
le s s  than 5 m icrons 
p re s e n t d i f f i c u l t y  in  
sample gas a s p i ra t io n .
Bay Area A ir  
P o llu t io n  
C o n tro l D i s t r i c t  
Source T e s t 
Methods
1960-61
Alundum th im b le s  o f  a 
medium grade p o ro s ity  
are  a b le  to  w ith s ta n d  
tem pera tu res  o f  ove r 
1000°F and a re  a f fe c te d  
by m o is tu re . When 
sam pling  c e r ta in  types 
o f  d u s t ,  th e  th im b le  
p re ssu re  drop w i l l  in ­
crease r a p id ly  as the  
th im b le  becomes coated 
w ith  d u s t.  To p re ve n t 
t h is ,  a g la ss  wool l in in g  
is  p u t in  th e  th im b le  
and th e  dus t p a r t ic le s  
adhere to  th e  g la ss  wool 
ra th e r  than p lu g g in g  the 
th im b le  pores the reby 
in c re a s in g  th e  p ressure  
drop a t  a s lo w e r ra te .  
Thim bles o f  dense grade 
p o ro s ity  have an 
ex tre m e ly  h igh  p re ssu re  
drop . Coarse grade 
p o ro s i ty  th im b le s  have 
low p re ssu re  drops bu t 
can o n ly  r e ta in  p a r t ic le s  
g re a te r  than 2 0  m icrons.
Paper th im b le s  a re  no t 
recommended f o r  use a t 
h igh  tem p era tu res  as 
they lo s e  a s ig n i f ic a n t  
amount o f  w e ig h t when 
they  a re  s u b je c te d  to  
tem pera tu res  o f  220°F.
Glass f ib r e  f i l t e r  
paper 2  in .  in  d ia m e te r 
capable o f  re ta in in g  
p a r t ic le s  g re a te r  than 
0 .3  m ic rons  can w ith s ta n d  
o f  800 F. Th is  f i l t e r  is  
s p e c ia l h o ld e r  and is  conr 
o u t le t  end o f  th e  h o ld e r 
n ip p le .  H o lde rs  are  made 
s ta in le s s  s te e l and g lass  
heated o r  co o le d  i f  necess
When gas stream  con ta ins  
le ts  a f in e  grade g la ss  wc 
0.0003 in .  in  d ia m e te r) is  
f i l t e r i n g  m edian. I t  shoi 
as t ig h t l y  as p o s s ib le  in  
probe to  p re v e n t c h a n n e lir  
w ire  screen  is  in s e r te d  i r  
end o f  th e  probe to  p rever 
wool from  b e ing  a s p ira te d  
probe. The recommended f i  
is  a pyrex brand g la ss  woe 
long f ib r e s ,  and about 8  
d iam e te r w h ich  can be usee 
tu re s  o f  9O0°F.
N ot m entioned
tem pera tu res  
h e ld  in  a 
e c te d  to  the  
i t h  a s h o r t  
o f  b ra s s , 
and can be 
a ry .
iq u id  d rop - 
o l ( 0 . 0 0 0 2  -  
used as th e  
Id  be packed 
th e  g la s s  
g . A f in e  
to  the  re a r  
t  any g la ss  
o u t o f  the  
I t e r  m a te r ia l 
1 , f in e  grade 
ic ro n s  in  
a t  tem pera-
Not
men­
t io n e d
Not m entioned Not mentioned S ta in le s s  s te e l screen 
325 x 2300 mesh has a 
v e ry  low i n i t i a l  p re ssu re  
d rop . I t  can be used to  
sample gases a t  tem pera­
tu re s  o f  1000°F and the  
w e ig h t remains s ta b le .  I t  
can be c leaned  and re -u s e d .
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
T A B L E  I I I  C O M  P A R I S O N  O F  S A M P L I N G T R A I N C O M P O N E N T S  A N D  A C C E S S 0 R I  E S
T Y P I C A L  P A R T I C U L A T E C O L L E C T O R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE GLASS CLOTH FILTER
MEMBRANE
FILTER
TAR
CAMERA IMPINGERS CYCLONE OTHERS
Tennessee
M f e ' t y  
A i r  Q u a li ty  
Branch
“ An E xe rc ise  
In  Source 
Sampling 
Methods" by 
J . R. Duncan and 
A.E. Owen, J r .
March 1970
Not m entioned May be used F ib e rg la s s  f i l t e r s  
a re  u s e fu l f o r  
sam pling  h igh  tem pera­
tu re  gas stream s.
They a re  id e a l f o r  
chem ica l a n a ly s is  
and w e ig h t d e te rm i­
n a t io n .  F i l t e r  
h o ld e rs  a re  made o f  
m eta l o r  g la s s .
V in y l 
m e tr ic e l 
membrane 
f i l t e r s  are  
used f o r  
subm icron 
p a r t ic le  
f i I t r a t i o n .  
They are 
id e a l f o r  
m ic ro sco p ic  
a n a ly s is
Not
men­
t io n e d
When sam pling  s ta cks  f o r  
gases g la s s  im p inge rs  
c o n ta in in g  w a te r ,  a lc o h o l,  
c a u s t ic  o r  o th e r  s u i ta b le  
l iq u id s  a re  used. The 
m idge t im p in g e r f o r  
sam pling  ra te s  o f  0 . 1  cfm 
f o r  processes o f  1 0 , 0 0 0  
cfm o r  lo w e r and s tandard  
im p inge rs  f o r  sam pling 
ra te s  o f  1 cfm f o r  la rg e r  
s ta c k  ra te s .  U s u a lly  
used in  s e r ie s  to  p re ve n t 
losses due to  c a r ry o v e r. 
Can c o l le c t  p a r t ic u la te s  
down to  2  m icrons in  s iz e .
Not m entioned Not m entioned
Department of 
P u b lic  H e a lth  
A i r  P o llu t io n  
C o n tro l 
F o r t  W o rth , 
Texas
R e gu la tion  -1
Not mentioned Not m entioned For h igh  volume a i r  
sa m p le rs , th e  f ib r e  
g la s s  mat f i l t e r  o r  
o th e r  s u i ta b le  media 
capab le  o f  tra p p in g  3 
m icron  s iz e  p a r t ic le s  
is  recommended. The 
MSA 1106B f la s h  
f i r e d  f i l t e r  o r  Gelman 
Type A f i l t e r  are  used. 
F i l t e r s  must be a b le  tc 
h o ld  a t  le a s t  2 0  mg o f  
sampled d u s t.
A membrane 
f i l t e r  o f  
0 . 8  m icron 
pore s iz e  
co n ta in e d  in  
a p la s t i c  
f i l t e r  h o ld e r  
a ttach ed  
d i r e c t ly  to  
an im p in g e r 
t r a in  is  used 
to  sample 
p a r t ic u la te  
and gaseous 
f lu o r id e s .
N ot
men­
t io n e d
The p a r t ic u la te  and 
gaseous f lu o r id e  im p inge r 
t r a in  c o n s is ts  o f  a t  le a s t  
2 G reenburg-Sm ith  s ta n d a rd  
im p inge rs  in  s e r ie s  con­
ta in in g  no less than 
150 m l o f  0.01N sodium 
h yd ro x id e  in  each im p in g e r. 
The sam pling r a te  s h a l l  be 
10-15 l i t r e s / m in  and no 
le ss  than  1 0 0 0  l i t r e s  o f  
a i r  can be sampled.
Not m entioned Not m entioned
'Jayne County, 
M ich igan 
"Suggested 
P rocedure ,
Stack Sam pling"
No s p e c i f ic  reconmendati 
suggested by WP-50, USPH 
T e s tin g  M anual," IGCI "T
ons made, b u t a cco rd in g  to  r  
S, “ Source Sam pling Techniqu 
e s t  Procedure f o r  Gas Scrubb
efe rences th e  methods 
e s ,"  Los Angeles "Source 
e rs "  are  accep ted.
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O il H eating  
A s s o c ia t io n  
o f  Canada
Urban A ir  
P o llu t io n  
C o n tro l
June 1965
Thim ble f i l t e r s  made o f  
alundum can w ith s ta n d  
tem pera tures o f  1000°F. 
R e la t iv e ly  non-hygro 
sco p ic  and can be 
a c c u ra te ly  weighed. 
Severa l p o r o s i t ie s  a v a i l­
a b le  bu t e f f ic ie n c y  is  a 
fu n c t io n  o f  p o ro s i ty  and 
s iz e  o f  th e  m a te r ia l to  
be c o l le c te d .  R e la t iv e ­
ly  h igh  p ressu re  drops 
and are  q u ite  b r i t t l e .
T h im b le  shaped paper 
f i l t e r s  may be used a t 
sam pling ra te s  o f  0 .5  
to  2 .5  cfm a t  tem pera­
tu re s  below 350°F and 
n e g a tive  p re ssu re  up 
to  4 in .  o f  m ercu ry. 
F i l t e r s  a re  e f f i c ie n t  
and in e x p e n s iv e , lo se  
s tre n g th  when w et and 
must be kep t above dew 
p o in t  o f  gases. T h e ir  
hyg roscop ic  n a tu re  makes 
i t  d i f f i c u l t  t o  o b ta in  
p re c is e  w e ig h ts ,  and 
t h e i r  use sh o u ld  be 
l im ite d  to  th e  c o l le c ­
t io n  o f  la rg e  samples.
For th e  c o l le c t io n  o f  
p a r t ic u la te  m a tte r  a t 
h ig h  s ta c k  tem pera tu res  
th e  MSA f ib r e g la s s  f i l t e r  
I1106B is  used. They 
a re  99.9% e f f i c ie n t  and 
a t  a f lo w ra te  o f  28 
f t / m in  th e  p re ssu re  drop 
is  4 .4  in .  o f  w a te r .
These f i l t e r s  a re  used 
f o r  h igh  volume sam pling 
a t  tem p era tu res  o f  1000®F
Membrane 
f i l t e r s  o f 
porous 
c e l lu lo s e  
e s te r
m a te r ia l have 
c o l le c t io n  e f f  
and low pressu 
F i l t e r s  a v a ila  
1 0  g rades ranc 
pore  s iz e  f ro n  
5 .0  m ic ro n s , 
s iz e  in c rea ses  
p re ssu re  drop 
and e f f ic ie n c y  
s m a lle r  p a r t ic  
decreases. Ae 
p a r t ic le s  c o l l  
d i r e c t ly  on t Y 
s u r fa c e  w h ich  
t re a te d  w ith  a 
s i on o i l  t o  re 
c o m p le te ly  t ra  
f o r  p a r t ic le  s 
number e v a lu a t 
a m icroscope , 
f i l t e r s  cannot 
where gas is  c 
below dew p o ir  
h ig h ly  a c id ic  
gases.
Not
men­
t io n e d
h igh  
ic ie n c y  
re  d rop , 
b le  in  
in g  in  
0 . 0 1  to  
As po re
decreases 
on 
le s  
ro s o l 
ec ted  
e f i l t e r  
is
n immer- 
nder i t  
n spa ren t 
iz e  and 
io n  under 
These 
be used 
oo led  
t  o r  in  
and ho t
The s ta n d a rd  im p inge r 
o pe ra tes  n o rm a lly  a t  a 
sam p ling  ra te  o f  1 cfm 
and has a u s e fu l range 
o f  0 .7 5 -1 5 .0  cfm.
S ta in le s s  s te e l im p inge rs  
can be o rde red  b u t a re  
uncommon. In  m aking an 
im p in g e r , two d iam e te rs 
a re  c r i t i c a l :  th e  opening 
in  th e  n o zz le  (2 .3  mm) 
and th e  d is ta n c e  from  
th e  n o z z le  to  th e  p la te  
o f  im pingem ent (5 .0  mm). 
C o lle c t in g  m ix tu re s  are  
u s u a lly  w a te r  o r  a lc o h o l.
C yclone sh o u ld  be used 
to  remove th e  la rg e r  
p a r t ic u la te s  to  p re ve n t 
the  f i l t e r  fro m  p lu g g in g  
to o  r a p id ly .
B u bb le rs  c o n ta in in g  d iscs  
o r  c y lin d e rs  made o f  
f r i t t e d  g la s s  a re  used to  
c o l le c t  gaseous components. 
Sam pling ra te s  used a re  in  
th e  l i t r e s / m in  range and 
p r e f i l t r a t i o n  o f  th e  gas 
is  necessary to  a vo id  p lu g ­
g in g  th e  f r i t  w i th  p a r t ic u ­
la te s .
N a tio n a l C ouncil 
o f  th e  Paper 
In d u s try  f o r  
A i r  and Stream 
Improvement Inc .
A tm ospheric  
P o llu t io n  
T e ch n ica l 
B u l le t in  #41 
A u gust, 1969
Not m entioned W estern P r e c ip i t a t io n  
Sam pling k i t  w i th  paper 
th im b le  i s  used.
Not m entioned. Not m entioned Not 
men- 
t io n e d
Knock o u t  b o t t le  fo llo w e d  
by th re e  im p in g e rs , two 
w ith  a measured volume 
o f  w a te r ,  th e  la s t  one d ry  
d ry .
Not m entioned.
Measurements and 
Sampling o f  A i r  
P o llu ta n ts  From 
A K r a f t  M i l l
(M acM illa n  
B lo e d e l Research 
L t d . ,  B .C .)
Ja n u a ry , 1969 
(T404)
C .P .P .A .
Not mentioned For gas tem p era tu res  
below 300°F use a 
Whatman pa p e r th im b le  
43 x 123 mm
G lass f ib r e  bag is  
used in  an e l e c t r ic a l ly  
hea ted h o ld e r  a t  tempera­
tu re s  up to  65Q°F. Must 
p re v e n t condensa tion  
from  o c c u rr in g  s in c e  
f i l t e r  w i l l  p lu g .
Not m entioned Not 
men- 
t io n e d
3 im p ingers  f i l l e d  w ith  
d i s t i l l e d  w a te r hooked 
up in  s e r ie s  are  used to  
sample s a tu ra te d  gas 
stream s (tem pera tu re  
below 200°F)
Not m entioned F o r gas tem p era tu res  above 
300°F use a s in te re d  s t a in ­
le s s  s te e l th im b le .  Has 
good c o l le c t io n  e f f ic ie n c y ,  
easy to  c le a n ,  s tro n g  bu t 
e xp e n s ive .
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The Chemical and 
In d u s t r ia l  Corp. 
G ir d le r  Corp. 
" P r i l l  Tower 
E f f lu e n t  
Sampling 
Procedure fo r  
a B u s tle  Type 
Tower"
Not m entioned. Not m entioned Not m entioned Not m entioned Not
m entioned
Not m entioned Not m entioned An u n s p e c if ie d  f i l t e r  
pad is  used to  t ra p  
p a r t ic u la te s .
P u b lic  S e rv ice  
E le c t r i  c and 
Gas Company 
Maplewood,
New Jersey  
T e s tin g  Lab 
"Sampling 
E f f lu e n t  Gases 
f o r  P a r t ic u la te  
M a tte r"
R. VJ. Wasser
N orton Company #9418 
alundum e x t ra c t io n  
th im b le  p o r o s i ty  RA98,
45 x 150 mm. Thim bles 
heated f o r  2  hours to  
250°F, d r ie d  in  a 
d e s ic a to r  and weighed 
p r io r  to  use. Thimbles 
a re  c leaned by soaking 
in  a h o t ,  5% n i t r i c  
a c id  s o lu t io n  f o r  fo u r  
h o u rs , r in s e d  in  w a te r  an 
ammonium hyd ro x id e  s o lu t i 
in  w a te r  and d r ie d .  Must 
sample on f i l t e r  w ith  wat 
shou ld  form .
N o rton  Company #6406 pos
a ls o  used.
Paper th im b le s  w i l l  
te a r  i f  any m o is tu re  
is  p re se n t in  th e  qas 
stream .
Whatman paper e x t ra c t io n  
th im b le  33 x  94 mm 
s in g le  th ic k n e s s  was 
used.
i  soaked in  a h o t 5% 
on f o r  f o u r  h o u rs , r in s e d  
a vo id  co n tam ina ting  
e r le s t  a s o l id  cake
o s i ty  RA 98, 30 x  80 mm
Not m entioned Not m entioned Not
m entioned
Not m entioned Not m entioned Not m entioned
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N a tio n a l Coal 
Board
O ctobe r, 1960 
D. C row ther
Not m entioned Not m entioned Glass wool is  used as a 
f i l t e r  medium. A s ta in ­
le ss  s te e l m e ta l d is c  
is  p la ce d  in  th e  bottom  
o f  the  f i l t e r  h o ld e r .  The 
s ta p le  s u p e r f in e  g la s s  woo 
in to  th e  h o ld e r  t o  a depth 
Then 1 .5  gm o f  s ta p le  f i b r  
is  packed on to p  o f  t h is  t  
3 /4  in .  T o ta l dep th is  1 
s ta in le s s  s te e l d is c  is  p i 
the  la s t  la y e r .  The overa 
d e n s ity  o f  th e  g la s s  wool 
is  0 .07  gm /cc. The f i l t e r  
ta in in g  th e  f i l t e r  has gas 
th ro ugh  i t  a t  250°F a t  5 c 
m in u te s . F i l t e r  is  coo led
Not
m entioned
i  0 .5  gm o f  
is  packed 
o f  1 /4  in .
= g la s s  wool 
d a depth o f  
nch. A nother 
aced on to p  o f  
1 pack ing  
n th e  h o ld e r  
h o ld e r  con- 
passed 
fm f o r  5 
and weighed.
Not
men­
t io n e d
Not m entioned An a x ia l cyc lo n e  in  th e  
probe head has a h igh  
g r i t  c o l le c in g  e f f ic ie n c y ,  
lo w  p re s s u re  drop and h igh  
gas f lo w  ra te s .
removable hopper. The hopp 
b e fo re  re -e n tra in m e n t occur 
is  7 .5  gm. In  th e o ry  th e  c 
g re a te r  than 1 m ic ro n . In  
a l l  p a r t ic le s  5 m icrons and 
v e lo c i t ie s  below 30 f t / s e c  
tend to  bounce from  th e  eye 
E f fe c t iv e  range o f  th e  u n i t  
tu re s  o f  750 F.
Improvements were made to  
th e  NCB sam pling  k i t .  The 
g la s s  wool f i l t e r  was r e ­
moved from  th e  sam p ling  head 
and th e  a x ia l cyc lo ne  was 
re p la c e d  by a more e f f i c i e n t  
ta n g e n t ia l c yc lo n e  w ith  a 
e r  w i l l  h o ld  15 gm o f  d u s t 
s b u t th e  recommended amount 
yc lo n e  catches a l l  p a r t ic le s  
) r a c t is e  i t  ca tches 95^ o f  
o v e r. A t cyc lo ne  i n l e t  
th e  s m a lle r  p a r t ic le s  w i l l  
lone  w a lls  and ou t th e  e x i t ,  
is  500-4 ,500  fpm a t tem pera -
C. J . S tairm and 
Sampling o f  Dust 
Laden Gases" 
T rans. In s t .  
Chem. Engr.
29 1, (1951 )
Norton Company coarse 
grade 50 x 165 mm 
Alundum Thim b le  f i l t e r  
can be used a t  tempera­
tu re s  o f  700°C o r  
h ig h e r .  Maximum use fu l 
gas ra te  is  2 .5  cfm 
and i t s  d u s t c a p a c ity  
is  1 -1 .5  gm o f  dus t 
'\hen c le an  p ressu re  
d r c  is  2 0  in .  o f  w ater 
b u t in crea ses to  250- 
350 in .  o f w a te r  'vhen 
d i r t y .  Can remove 
p a r t ic le s  down to  1 
m ic ro n . Removal o f 
d u s t c o l le c te d  w ith o u t  
co n ta m in a tio n  is  no t 
p ro b a b le .
S o x h le t th im b le  f i l t e r s  
a re  made from  h ig h ly  
r e te n t iv e  f i l t e r  papers 
w h ich  c o l le c t  p a r t ic le s  
down to  1 m ic ro n  in  s iz e .  
Most s a t is fa c to r y  f o r  
te s ts  where o n ly  a sm all 
p o r t io n  o f  d u s t is  below 
10 m ic ro n s . Not to  be 
used in  w e t gas sam p ling .
Whatman S o x h le t Thim b le 
f i  I t e r  80 x  33 mm has 
a recommended gas v e lo ­
c i t y  o f  1 . 8  cfm and a 
maximum d u s t c a p a c ity  
o f  0 .5  gm o f  d u s t. When 
c le a n  th e  p re s s u re  drop 
is  1 2  in .  o f  w a te r  and 
when d i r t y  i t  is  30 in .  
o f w a te r .  Not recom­
mended f o r  exact s iz e  
a n a ly s is  w ork.
T e ry le n e  s y n th e t ic  f i b r e  
f i l t e r  has a f ib r e  d ia ­
m ete r o f  15 m ic ro n s . I t  
shou ld  be packed to  a 
depth o f  2  in ch e s  and a 
b u lk  d e n s ity  o f  0 .0 8  
gm /cc. I t  is  as e f f i c ie n  
as g la s s  wool f i l t e r s  and 
is  much le ss  f r i a b le  so 
t h a t  removal o f  an un­
con tam ina ted  d u s t sample 
is  e a s ie r  than  w ith  g lass  
w o o l.
S u p e rfin e  g la s s  wool 
f i l t e r s  have a pack ing  
d e n s ity  o f  0 .2 7  gm /cc to  
a depth o f  1 in c h .  They 
are  much le s s  f r i a b le  
than th e  s lagw oo l f i l t e r  
and are  f re e  from  lo ose  
s p h e r ic a l p a r t ic le s  
w h ich  become e a s i ly  de­
tached d u r in g  sam p ling . 
T h e ir  f ib r e s  a re  more 
u n ifo rm  in  s iz e  than 
s la g  wool and d u s t tends 
to  c o l le c t  on th e  up­
stream  s id e  w i th  a 
ra p id  in c re a s e  in  p re s ­
su re  d rop .
1
most dus 
c i t y  is  
F e rru le  
by a zon 
in  i t s  c 
f i n e r ,  1 
d e n s ity  
re s is ta n  
Can be u 
Composit 
t ra p  the  
2 .5  cfm 
drop is  
by a f e r  
f i l t e r s  
S a l ic y l i  
f lo w ra t*  
w a te r an 
f i l t e r s  
s t a t i c  f  
use. I t  
a n a ly s is  
sure  dro
t  is  la rg e r  than  2 m ic ro n s . M 
5 gm. C lean p re s s u re  drop is  
g lass  wool f i l t e r s  are  th e  sam 
e o f  1 /4  in c h  d ia m e te r f e r r u le  
u s t c o l le c t io n  is  50 gm. SI a 
onger and s tro n g e r  and c o n ta in  
is  0 .27  gm /cc to  a dep t o f  1 i 
ce (5  in .  w a te r when c le a n , 10 
sed f o r  o i l  m is ts  because th e  
e f i l t e r s  c o n s is t  o f  g la ss  woo 
f in e  p a r t ic le s .  Used under h 
and can ho ld  2 gm. o f  d u s t.  C 
1 0 .in .  o f  w a te r .  The fo u r  s ta  
r u le  zone. I t s  maximum d u s t c 
use a c r y s t a l l i n e  s o l id  wh ich 
c a c id  c r y s ta l  f i l t e r s  a re  use 
s o f  2 .5  cfm b u t have a d u s t 
d d i r t y  p re ssu re  drop is  15 in  
have s im i la r  c h a r a c te r is t ic s  b 
i l t e r s  have a c o n s ta n t r e s is ta  
c o l le c ts  o i l  m is ts  down to  0 .
I t  has a sample ra te  o f  0 .6  
p is  le ss  than 0 .0 5  in .  o f  wat
Cyclones a re  used and 
have d iam e te rs  o f  1 - 8  
in c h e s . Normal th ro u g h ­
p u t i s  2-150 cfm and th e  
range o f  p re ssu re  drops 
a t  th e  maximum gas ra te  
is  5-12 in .  o f  w a te r . 
Maximum o p e ra t in g  tern 
p e ra tu re  is  g re a te r  
than 600°C and is  no t 
s u i ta b le  f o r  c o l le c t in g  
p a r t ic le s  s m a lle r  than 
5 m ic ro n s . Dust ca­
p a c it ie s  range from  
12-6000 gm and c o l le c ­
t io n  e f f ic ie n c ie s  range 
from  94-98%.
aximum recommended gas ra te  is  
2  in .  o f  w a te r and d i r t y  press 
e as g la s s  wool f i l t e r s  excep t 
s o f  60 mesh s ta in le s s  s te e l g 
gwool f i l t e r s  c a l le d  S t i l l i t e  
a s m a lle r  p o r t io n  o f  lo o se  sp 
nch. E xtrem e ly e f f i c i e n t  on f  
in .  w a te r  when d i r t y )  and low 
o i l  can be e x tra c te d  from  th e
1 bed then a s la g  wool bed and 
eavy d u s t c o n d it io n s .  I t  has 
lean p re ssu re  drop is  6  in .  o f  
ge com posite  f i l t e r  is  s im p ly  
a p a c ity  however is  50 gm f o r  a 
can be d is s o lv e d  to  se p a ra te  t  
f u l  f o r  s e p a ra t in g  p a r t ic le s  i 
c a p a c ity  o f  o n ly  0 .75  gm. Cle 
. w a te r. Tem perature no t to  e 
u t  t h e i r  tem p e ra tu re  range doe 
nee bu t re q u ire  a h igh  o o te n t i
2  m icrons b u t o b v io u s ly  is  o f  
cfm and can be used a t temper
e r .
The g la s s  wool f i l t e r  con­
s is t s  o f  a 2  in ch  bed o f  
r a v e lle d  g la ss  s i l k  f ib r e s  
packed to  a d e n s ity  o f  
0 .0 8  gm/cc h e ld  in  p la ce  
by 2  s ta in le s s  s te e l d iscs  
one a t  each end. F ib re s  
m ust l i e  norm al to  gas f lo w  
to  p re v e n t c h a n n e lin g . Can 
be used in  h o t ,  damp, 
c o r ro s iv e  gases up to  200°C. 
I f  tem p e ra tu re  exceeds 
100°C ru b b e r s e a lin g  r in g s  
are  re p la ce d  w ith  ground 
g la s s  jo in t s .  F i l t e r  used 
where d u s t c o n c e n tra t io n  
does n o t exceed 1 / 2 0  
p e r  c u b ic  fo o t  and where 
2 .5  cfm and i t s  d u s t capa- 
u re  drop is  1 0  in .  o f  w a te r , 
th e  g la ss  wool is  preceded 
auze. The o n ly  d i f fe r e n c e  is  
a re  made o f  f ib r e s  w h ich  are  
h e r ic a l p a r t ic le s .  P acking 
in e  d u s ts  bu t have h ig h  
d u s t c a p a c ity  (4 -5  gm). 
f i l t e r  by a s u i ta b le  s o lv e n t ,  
a th in n e r  g la ss  wool bed to  
a recommended gas ra te  o f  
w a te r and d i r t y  p re ssu re  
a th re e  s tage  f i l t e r  preceded 
2 in ch  s iz e  f i l t e r .  S o lu b le  
he c o l le c te d  p a r t ic u la te ,  
n th e  subm icron range a t  gas 
an p re ssu re  drop is  6  in .  
xceed 50°C. Acenaphthene 
s n o t exceed 30°C. E le c t ro -  
a l w h ich  has hampered i t s  
no use f o r  p a r t ic le  s iz e  
a tu re s  o f  300°C. I t s  p re s -
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The B r i t is h  
S te e l C astings 
Research Assn.
1961
Not mentioned A s o x h le t  paper 
th im b le  is  used as 
th e  f i l t e r  medium
Not m entioned Not m enti oned Not
men­
t io n e d
Not mentioned Not m entioned Not m entioned
B r i t is h  S te e l 
C o rp o ra tio n  
Research and 
Development 
" S im p li f ie d  
Dust Sampling 
Apparatus f o r  
Use In  I ro n -  
and S tee lw o rks "
J .H . F lux ,
P .J . S m ithson , 
R.N. S m ithson , 
J . Iro n  and 
S te e l I n s t i t u t e  
206 12 (1968)
When do ing p a r t ic le  
s iz e  a n a ly s is  ceram ic 
f i  I te r s  are used and 
a re  a v a ila b le  in  2 
grades, 70 m icron and 
5 m icron pore s iz e .
The l a t t e r  s iz e  is  
used on subm icron s iz e  
p a r t ic le s  which w i l l  be 
c o lle c te d  on th e  f i l t e r  
as soon as th e  i n i t i a l  
f i l t e r  cake is  p ro ­
duced. The s l i p  o f 
f in e  p a r t ic le s  a t  the  
beg inn ing  is  w ith in  
expe rim en ta l e r ro r .
Not m entioned The f i l t e r  p o t co n s tru c te c  
in  Nim onic 105 m a te r ia l is  
packed w ith  th re e  la y e rs  
o f  g lass  f ib r e :
( 1 ) a la y e r  o f  t i g h t l y  
packed f in e ,  s h o r t ,  s ta b le  
f ib r e  a t  the base to  p re ­
ve n t th e  passage o f  a l l  
p a r t ic le s .
( 2 ) a la y e r  o f  long f in e  
s ta b le  f ib r e
(3 )  a la y e r  o f  medium 
long s ta b le  f ib r e  to  
c o l le c t  c o a rs e r p a r t ic le s .  
The la y e rs  o f  f i b r e  can be 
v a r ie d  in  amounts and 
pack ing  d e n s ity  acco rd ing  
to  th e  amount and grade o f  
d u s t to  be sam pled. P r io r  
to  use po ts  c o n ta in in g  the  
f i l t e r s  a re  d r ie d  o ve rn ig h  
a t  110 C and coo led  in  a 
d e s ic a to r  and then  weighed
Not m enti oned
t
Not
men­
t io n e d
Not m entioned E xperience  showed th a t  
th e  m a jo r it y  o f  th e  dus t 
p a r t ic le s  encoun te red  in  
th e  i r o n  and s te e lw o rk s  
is  to o  sm a ll to  be 
c o l le c te d  by th e  cyc lo ne  
and hence i t  is  o m it te d  
and th e  f i l t e r  was re ­
designed to  g iv e  a 
reduced i n i t i a l  w e ig h t.
The p ip e lin e  f i l t e r  is  a 
s h o r t  le n g th  o f  perspex 
tube  lo o s e ly  packed w ith  
f ib e r g la s s  wadding h e ld  in  
p lace  by w ire  c o i l  s p r in g s .  
T h is  always remains con­
nected to  the pump in le t  
w h ile  th e  pump is  runn ing 
to  p re ve n t fo re ig n  m a tte r  
from  e n te r in g .
B r i t is h  I ro n  
and S tee l 
Research Assn. 
"Measurement 
o f  Dust in  
F lue Gases"
R. Jackson ,
R.A. G ra n v il le
The I ro n  and 
S te e l I n s t i t u t e  
S p e c ia l Report 
#61
1957
Not mentioned Not m entioned The BISRA f i l t e r  is  mounte 
e x te r n a lly  to  th e  d u c t and 
c o n s is ts  o f  a s ta in le s s  
s te e l h o ld e r  w h ich  is  hanc 
packed w ith  a coarse and 
f in e  g la ss  f ib r e .  I t  w i l l  
c o l le c t  0 .5  gm o f  d u s t as 
th e  p re ssu re  drop across 
i t  r is e s  to  about 4 in .  o f  
m ercury a t a sam pling  ra te  
o f  3 cfm . E x te rn a l mount­
in g  o f  th e  f i l t e r  p e rm its  
ra p id  f i l t e r  changes and 
gas tem p era tu re  c o n tro l 
a t  th e  f i l t e r .  Designed 
e s p e c ia l ly  f o r  measurement 
o f  fumes.
^ Not m entioned Not 
men­
t i  oned
Not m entioned The BCURA sam p ling  cyc lo n e  
probe was deve looed f o r  
d u s t measurements on la rg e  
b o i le r s .  The cyc lo n e  has 
a 95% c o l le c t io n  e f f ic ie n c y  
on 5 m icron  p a r t ic le s  and 
s in c e  i t  is  s itu a te d  in  
th e  h o t gas f lo w  th e re  is  
no need f o r  a te m p e ra tu re  
c o r re c t io n .  A f i l t e r  o f  
g la s s  wool can be in s e rte d  
a f t e r  th e  cyc lo n e  to  te s t  
i t s  e f f ic ie n c y  and a 
c o r re c t io n  can be made f o r  
th e  P a r t ic le s  m issed.
Not m entioned
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I  / B L E  I I I  C O M P A R I S O N  O F  S A M P L I  N G T R A I N C O M P O N E N T S  A N D  A C C E S S 0 R I  E S
T Y P I C A L  P A R T I C U L A T E C O L L E C T 0 R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE GLASS CLOTH FILTER
MEMBRANE
FILTER
T A D
CAMERA IMPINGERS CYCLONE OTHERS
The B r i t is h  
P e tro leum  Fuels 
Research Branch 
"Measurement o f  
th e  Flue Gas 
S o lid s  Burden 
from  Oi 1 -F ire d  
In s ta l la t io n s  
Using A S i l i c a  
Wool F i l t e r "
L. K. Rendle 
J o u rn a l o f th e  
I n s t i t u t e  o f 
Fuel
Janu a ry , 1964
Alundum f i I t e r s  were 
te s te d  and i t  was found 
th a t  th e  SO^ p re se n t in  
th e  s ta c k  gas reac ted  
w ith  th e  f i l t e r  to  g iv e  
f i c t i t i o u s l y  h igh  s o lid s  
co n te n t.
Not m entioned G lass wool a ls o  re a c te d  
to  a s ig n i f ic a n t  e x te n t 
w ith  th e  SO3  p re se n t to  
g iv e  a fa ls e  s o lid s  
c o n te n t.  O nly s i l i c a  
wool has been found to  
be e n t i r e ly  s a t is fa c to r y  
f o r  sam p ling  o i l  f i r e d  
in s t a l la t io n s  w ith  low 
s o l id s  c o n te n t.  I t  is  
e f f i c i e n t  and re ta in s  
th e  s m a lle s t  p a r t ic le s .  
I t  is  in e r t  to  a l l  f lu e  
gas c o n s t itu e n ts .  I t  
is  n o t a f fe c te d  by h igh 
gas te m p e ra tu re . I t  is  
n o n -h y g ro s c o p ic . F i 1 te r  
h o ld e r  can be m a in ta ined  
a t  200-300°C i f  d e s ire d  
by th e  h e a te r .
C e llu lo s e  
f i l t e r s  
tended to  
char a t 
tem p era tu res  
o f  120°C and 
were n o t ve ry 
u s e fu l .
Not
men­
t io n e d
Not m entioned I f  cyc lones  a re  used, 
when b u lk  samples a re  
re q u ire d  f o r  a n a ly s is ,  
th e  s e p a ra tio n  e f f ic ie n c y  
remains h ig h ,  i r r e s p e c t iv e  
o f  low duct v e lo c i t ie s .
The f i l t e r  h o ld e rs  c o n s is t  
o f  Pyrex g la s s  w e ig h in g  
b o t t le s  m o d if ie d  by  fu s in g  
Pyrex tubes in to  th e  l i d  
and body s e c t io n s .  The 
f i l t e r  is  connected to  th e  
probe by means o f  a s h o r t  
s ta in le s s  s te e l p robe .
S h e ll
In te r n a t io n a l 
Petro leum  L td . 
Report #101F 
The S h e !1 Carbon 
D e te rm in a tio n  
Appara tus , 1965
Not m enti oned Not m entioned An a x ia l f i l t e r  h o ld e r  
c o n ta in s  th e  s i l i c a  wool 
f i l t e r  wh ich can be used 
a t  tem p era tu res  no t 
exceed ing 400°C.
Not m entioned Not
men­
t io n e d
The S h e ll carbon d e te r ­
m in a t io n  appara tus has 
been compared w ith  th e  
G reenburg-Sm ith im p inge r 
t r a in  and re s u lts  showed 
no s ig n i f ic a n t  d if fe re n c e  
between the  re s u lts  
o b ta in e d  by the  two methods
Not m entioned Not m entioned
The S tee l 
Company o f  
Canada, Ham ilton  
1967
V a r ia tio n  o f  
WP-50
Alundum Th im b les a re  used 
because o f  h ig h  wet 
s t re n g th ,  chem ical 
re s is ta n c e ,  h igh  tempera­
tu re  re s is ta n c e .  U sua lly  
have h igh  f lo w  re s is tance . 
Thim b le can be used in  
f lu e  and hence sample 
can be c o l le c te d  d ry .
May be used May be used Not m entioned Not
men­
t io n e d
Not m entioned Not m entioned N ot m entioned
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T A B L E  I I I  C O M P A R I S O N  O F  S A M P L I N G T R A I N C 0 M F 0 N E N T S  A N D  A C C E S S 0 R I E S
T Y P I C A L  P A R T I C U L A T E C 0 L L E C T 0 R S
PROCEDURE ALUNDUM THIMBLE PAPER THIMBLE GLASS CLOTH FILTER
MEMBRANE
FILTER
TAR
CAMERA IMPINGERS CYCLONE OTHERS
General Motors 
C o rpo ra tio n  
T ech n ica l Center 
‘A P ra c t ic a l 
S tack Sampling 
Procedure"
J . F. Stevens
American
In d u s t r ia l
Hygience Assn.
Jo u rna l
22, 5 (1961)
May be used The d ry  sam pling  t r a in  
in c lu d e s  an aluminum 
th im b le  h o ld e r  c o n ta in in g  
a paper th im b le .  The 
t r a in  is  used to  sample 
n o t to o  h o t and c o ld  a i r  
s tream s. F i l t e r  h o ld e r  
is  in  th e  s ta c k . Whatman 
33 x 94 mm, f a t  e x tra c te d ,  
seam less, s in g le  paper 
th im b le s  are  used. An 
e f f o r t  is  made to  c o l le c t  
300 mg o f  d u s t a ltho ugh  
15-20 mg may be s u f f i c ie n t  
f o r  some purposes.
Not m entioned Not m entioned Not
men­
t io n e d
The wet sam pling t r a in  
uses a l l  g la ss  s tanda rd  
G reenburg-Sm ith im p in g e rs . 
The c o l le c t in g  medium is  
d i s t i l l e d  w a te r o r  n -b u ty l 
a lc o h o l.  Used to  c o l le c t  
p a r t ic u la te s  f o r  p a r t ic le  
s iz e  d a ta . Very good f o r  
ho t gase s, and wet and 
o i l y  gases. In  many cases 
a s ta n d a rd  im p in g e r is  
preceded by a no the r 
im p in g e r w ith  the  o r i f i c e  
removed to  c o l le c t  la rg e r  
p a r t ic le s .
Not m entioned Not m entioned
"A F i l t e r  T e s t 
Method f o r  
Rapid W eight 
D is t r ib u t io n  o f 
Dust in  Gas 
Streams to  
E va lua te  Dust 
Col le c to rs "
J . Katz and 
W.A. V e rro c h r i 
J . A i r  P o llu t io n  
A s s o c ia tio n  
J 8 , 6  (1968)
Not m entioned Not m entioned Not m entioned Membrane 
f i l t e r s  o f  
37 mm d ia ­
m e te r o r  
punched 
f i l t e r s  from  
an A IS I 
Whatman paper 
ta p e  were 
used. They a 
heated to  70 
and coo led  in  
c a to r  and wei 
P la s t ic  f i l t e  
were used. 0  
use f o r  th e  f  
t e s t  method h 
to  p ro v id e  a 
lim in a r y  moni 
te ch n iq u e  p r i  
use o f  a more 
d u s t sam pling
Not
men­
t io n e d
re  p re -  
C, d r ie d  
a d e s i­
ghed, 
r  h o ld e rs  
ne good 
i  I t e r  
as been 
) re -  
t o r
o r  to  the  
e la b o ra te  
techn ique
Not m entioned Not m entioned Not menti oned
"S tack  Sampling 
Theory and 
P r a c t ic a l i t y "
W. T. Ingram 
R e p rin t AIME 
M eeting, 
F eb rua ry , 1970
Not m entioned Not m entioned Not m entioned Not m entionec Not
men­
t io n e d
Not m entioned Not m enti oned Not menti oned
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T P B L E I V
C O M P A R I S O N  
A N D  A C C E S S O R I E S
O F  S A M P L I N 
( M E T E R I N G
fi T R A I N  C 
A N D  G A S  M
O P P O N E N T S  
0 V I N G D E \ I C E S )
PROCEDURE CONDENSER RATE METER
INTEGRATING 
VOLUME METERS GAS MOVER
MANOMETER FOR 
RATE METER SAMPLING RATE
FREQUFNCY OF 
INSTRUMENT READING
Western
P r e c ip i t a t io n
WP-50
1936-48-51 -56 -
58-68
Water cooled 
m eta l o r g lass  
condenser f o r  
h ig h ly  c o r ro s iv e  
condensate to  
be used ahead 
o f  m eter
Not used E ith e r  a dry 
typ e  o r  wet type 
can be used. 
Sprague T est 
M e te r ’ No. 1A 
good d ry  type
M oto r d r iv e n  
pump o r  a steam 
o r  a i r  e je c to r  
o f  P enberthy 
type  may be used
Not used 1 / 2  to  2  f t 3/  
m in . Not to  
exceed 2  f t  /  
m in.
A t a p p ro p ria te  
in te r v a ls  to  
g iv e  a t  le a s t  2 
read ings  f o r  each 
t ra v e rs e  p o in t
BCURA
1961-68
Not needed P ressure  drop 
across the  
cyc lo n e . 
O r i f ic e  P la te  
F lowm eter when 
f i l t e r  a lone 
used
Not used S u c tio n  fan Not s p e c if ie d To exceed a 
minimum o f 
about 5 f t 3/  
m in . a t  room 
tem pera tu re
Not s p e c if ie d
Research 
C o t t r e l1 
1955-57-68 
V a r ia t io n  o f  
ASME PTC 21 
1941
A ja r  o r  b o t t le  
is  p laced  ahead 
o f  m ete r to  
c o l le c t  conden­
sate
O r i f ic e  M eter 
(n o t  too 
p o p u la r)
Dry gas m eter 
Sprague Nq. 1A 
w ith  1 f t  
index
A s p ir a to r -  
Penberthy #62-A 
e je c to r  
S u c tio n  Pump 
Leiman B ros . In c . 
9845-B
Not s p e c if ie d 0 .5  to  1 f t 3/  
min to  avo id  
undue m eter 
s u c t io n
N orm a lly  every 5 
m inutes bu t more 
o f te n  i f  v a r i ­
a t io n s  s ig n i f ic a n t
ASME PTC 21 
(1941)
ASME PTC 27 
(1957)
Not m entioned Thin  p la te  
o r i f i c e
Gas m eters 
shou ld  be in  
"new" c o n d it io n  
and c a l ib ra te d  
a g a in s t each 
o th e r, b e fo re  
and a f te r  t e s t
R o ta ry  b low ers 
from  vacuum 
c le a n e r ;  steam, 
a i r  o r  w a te r 
e je c to rs
In c lin e d  type  
gradua ted to  
0 . 0 1  in ch  H2 O. 
For o r i f ic e s  
w ith  la rg e r  
d e f le c t io n s , 
w a t e r - f i l le d  
v e r t ic a l  ty p e .
No d e f in i t e  
s p e c if ic a t io n s
Read a t  th e  end 
o f  5 m inutes o f 
sam pling a t a 
p o in t .
USPHS (APCA) 
67-119)
June , 1967 
W. S. Sm ith 
R. M. M a rtin  
D. E. D u rs t 
R. G. Hyland 
T. J . Logan 
C. B. Hager
Not needed C a lib ra te d
o r i f i c e
Dry T es t M eter Vacuum Pump 
( e le c t r i c a l )
Not s p e c if ie d A p p ro x im a te ly  
3 /4  f t 3  pe r 
m inute
A t th e  s t a r t  and 
end o f  each t r a ­
ve rse  p o in t  and 
whenever a change 
occurs a t  a p o in t
Research 
A p p liance  
Company
1969
Not needed C a lib ra te d  
o r i f i c e
Dry T e s t M eter Vacuum Pump In c lin e d
v e r t ic a l
manometer
A p p ro x im a te ly  
3 /4  f t J pe r 
m inute
A t th e  s t a r t  and 
end o f  each t r a ­
ve rse  p o in t  and 
whenever a change 
occurs a t  a p o in t
USPHS
S p e c if ic a t io n s  
f o r  In c in e ra to r  
T e s tin g  a t  
Federa l 
F a c i 1 1 t i  cs
O ctobe r, 1967
Not needed C a lib ra te d
o r i f i c e
Dry T est M eter Vacuum Pump In c lin e d  
v e r t ic a l  typ e  
gradua ted in  
hundredths o f  
an inch o f  H2 0  
from  O -l Inch 
and te n th s  
from  1 - 1 0  inches
A t le a s t  
0 .5  s tanda rd  
f t 3  p e r m in.
A t 5 m inu te  
in te r v a ls
Kentucky A ir  
P o llu t io n  
C o n tro l 
Commission 
Recommended 
Procedure For 
In c in e ra to r  And 
Waste B urner 
Performance 
T e s t As R equire 
Required By 
R e g u la ti ons 
#3 and H
Not needed f o r  
R e g u la tio n  #3
bu t re q u ire d  
f o r
R e g u la tio n  #4
O r i f ic e  M eter 
L im it in g  
0 . 6  to  1 . 0  f t 3 
m in.
Not re q u ire d  
fo r
R e g u la tio n  #4
Dry T est M eter 
(p re c a lib ra te d  
b e fo re  use)
Vacuum Pump o r
Pressure
E je c to r
In c lin e d  Water 
Manometer
Mercury
Manometer
0 . 6  to  1 . 0  f t 3 
p e r m inute
Every f iv e  m inutes
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T A B L E  I V
C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  
A N D  A C C E S S O R I E S  ( M E T E R I N G  A N D  G A S  M O V I N G  D E V I C E S )
PROCEDURE CONDENSER RATE METER
INTEGRATING 
VOLUME METERS GAS MOVER
MANOMETER FOR 
RATE METER SAMPLING RATE
FREQUENCY OF 
INSTRUMENT READING
In c in e ra to r  
I n s t i t u t e  o f 
America 
B u l le t in  T- 6  
" I n c in e r a to r  
T e s t in g "  
June, 1967
Not re q u ire d O r i f ic e Not re q u ire d Pump o r  b low er Not s p e c if ie d Not s p e c i f ie d  
d e f in i t e ly
Not s p e c if ie d  
d e f in i t e ly
The Ducon 
Company In c . 
ED -5 /67-2  and 
"S tack
Sam pling Paper 
A t 18th 
V e n t i lc i t i  on 
and A ir  
P o llu t io n  
C o n tro l 
Conference
Not used w ith  
ED-5/67-2
Used in  "S tack  
Sam pling"
Rotameter 
( c a l ib ra te d  fo r  
p re ssu re  and 
d e n s ity )  
( o r i f i c e  
poss i b le )
Not used
(C ould be used 
acco rd ing  to  
"S tack 
S am pling ")
A i r  e je c to r  o r  
vacuum pump 
capable o f 
1 0  cfm a t 
15 in .  o f  Hg.
Not re q u ire d  
f o r  ro ta m e te r
Needed f o r  
o r i f i c e  m ete r
Not s p e c if ie d  
d e f in i t e ly  bu t 
vacuum pump 
to  hand le  
1 0  f t 3 /m in .
Not s p e c if ie d  
d e f in i t e ly
County o f 
Los Angeles 
Source T e s tin g  
Manual
1963-65
Not re q u ire d O r i f ic e  m ete r Dry gas m ete r 
(Sprague 
Zephyr Model 
No. ! A)
Wet t e s t  m ete r 
used f o r  low 
ra te s  ( . 1  cfm)
P o s it iv e  
d isp lace m en t 
pump o f  s l id in g  
vane type  bu t 
vacuum pumps 
a i r ,  steam or 
w a te r  e je c to rs  
can be used.
Not s p e c if ie d 0 .5  to  0 .8  f t 3 
p e r m inute  _ 
(up to  1 f t  
p e r m inu te  in  
g e n e ra l)
A t 5 o r  10 m in. 
in te r v a ls  when 
gas f lo w  ra te  
and tem p era tu re  
remain f a i r l y  
u n ifo rm
M a n u fac tu ring  
C hem ists1 
A s s o c ia t io n  In c . 
" A i r  P o llu t io n  
Abatement.
Manual"
1952
Not s p e c if ie d C a p il la r y  Flow 
M eter
O r i f i c e  M eter 
fQ r  h ig h  sam pl- 
l in g  ra te s .  
Rotameters
Wet T e s t M eter 
Dry Gas M eter 
accuracy -  1 % 
when p ro p e r ly  
c a l ib r a te d
B lo w e r, Vacuum 
Pump W ater o r 
Steam E je c to rs
f t m i i ’ f M iB *
Not s p e c if ie d Vacuum c le a n e r 
f o r  h igh  volume 
sam pling ra te d  
a t  30 f t 3 /m in .
Not s p e c if ie d  
d e f in i t e ly
American 
Petro leum  
I n s t i t u t e  
Manual On 
D isposa l Of 
R e fin e ry  Wastes
1954
S ta in le s s  S te e l Not re q u ire d Dry Gas M eter Vacuum Pump o r  
an a i r ,  steam 
o r  w a te r e je c to r  
to  m a in ta in  
1 cfm f lo w
Not used F i l t r a t io n  2 
f t^ /m in u te  max.
Impingement 
1 f t 3  p e r m in.
Im pa ction  
0 .5 8  f t 3 /m in .
A t a p p ro p r ia te  
in te r v a ls
USPHS Source 
Sampling For 
A tm ospheric  
P o llu ta n ts  
T ra in in g  Course 
Manual In  A i r  
Pol 1u t i  on
1965
W ater cooled 
condenser, 
k n o ck -o u t ja r s ,  
im p ingers  
immersed in  
ic e  bath
O r i f i c e ,  
V e n tu r i o r  
Flow Nozzle 
m eters
Wet t e s t  m ete r 
seldom used 
o u ts id e  la b .
Dry t e s t  m ete r 
(Sprague Zephyr 
Model 1A)
W ate r, steam 
o r  a i r  e je c to rs  
Vacuum pumps 
shou ld  have
2  cfm a t 8  in .  
Hg vacuum. For 
d ry  gas m eter
3 cfm a t 20-25 
in .  Hg. vacuum
Not s p e c if ie d Cyclones 2-150 
f t  /m in . de­
pending on s iz e .  
Im p ingers no 
le ss  than 1 f t 3 
f o r  b e s t 
e f f ic ie n c y
A t le a s t  2 tim es 
f o r  each p o in t  
d u r in g  sam pling 
o r  a t  5 m inute 
in te r v a ls  w h ich ­
eve r is  th e  
le a s t
AIChE Today 
S e ries
In tro d u c t io n  to  
A i r  P o llu t io n  
C o n tro l 
B. B. C rocker 
K. B. S ch n e lle
1969
O ften  d e s ira b le  
to  p ro v id e  a 
knock -ou t 
b o t t le  fo l lo w ­
ing  th e  probe 
t o  ca tch  and 
in d ic a te  
condensa tion
O r i f ic e
( c r i t i c a l )  f lo w
N o zz le , V e n tu r i,  
R otam eter, 
M agnetic  Flow 
M e te r, Mass f lo w  
m eter
Wet t e s t  m eter 
Dry t e s t  m eter 
R o ta tin g  d is c  
m eter
Vacuum pump 
Vacuum c le a n e r 
b low er f o r  h igh 
c a p a c it ie s  
w a te r ,  a i r ,  
steam e je c to rs
Not s p e c if ie d U s u a lly  s e t  by 
sam pling t r a in  
design
No s p e c i f ic  
recommendati on
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T A B L E  I V
C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  
A N D  A C C E S S O R I E S  ( M E T E R I N G  A M P  G A S  M O V I N G  D E V I C E S )
PROCEDURE CONDENSER RATE METER
INTEGRATING 
VOLUME METERS GAS MOVER
MANOMETER FOR 
RATE METER SAMPLING RATE
FREQUENCY OF 
INSTRUMENT READING
American 
Foundrymen1s 
S o c ie ty  &
The Gray & 
D u c t i le  Iro n  
Founders1 
S o c ie ty  In c . 
J o in t  Committee 
"T e n ta t i ve 
P ra c t ic e  f o r  
T e s tin g  o f  Dry 
P a r t ic u la te  
Em issions from  
I ro n  Foundry 
Cupolas (Not 
f o r  G eneral 
C ir c u la t io n )  
ASME PTC 27 
v a r ia t io n
1969-70
Not re q u ire d O r i f i c e s , 
V e n tu r is  o r 
o th e r  s im i la r  
f lo w  m easuring 
devices
Adverse f i e l d  
c o n d it io n s  in  
cupo la  sam pling 
p re c lu d e  use 
o f  these  m eters
In d u s t r ia l
exhausters
No s p e c i f ic  
recommendations
G re a te r than 
3 .0  f t 'fy m in .
On a 2 (max. 3) 
m inute  cy c le  a t 
each p o in t  d u rin g  
each te s t  run on 
stopw atch t im in g .
American A ir  
F i l t e r  Company 
In c . Report #139
1956
5 in ch  Dust
Sampler
13 in ch  Dust
Sampler
O pera ting
In s tr u c t io n s
Not s p e c i f ie d O r i f ic e Not re q u ire d Vacuum c le a n e r 
b lo w e r o r  a i r  
e je c to r
D ra f t  gage 4 f t 3 /m in . 
a llo w a b le  f lo w  
th ro ugh  samp­
l in g  medium 
f o r  5 in .  
sam p le r, 
g re a te r  f o r  
13 in .  sam pler
Not s p e c i f ie d
In d u s t r ia l  
Gas C leaning 
I n s t i t u t e ,  In c . 
IGCI E-P2 
Wet C o lle c to rs  
D iv is io n  
P u b lic a t io n  #1
1964-65
A ir  coo led  type  
be fo re  te s t  
m eter
O r i f ic e Gas m eter 
(presum ably d ry  
o r  w e t typ e )
A i r  e je c to r  o r  
vacuum pump
In c lin e d  o r  
v e r t ic a l  
typ e  depending 
on o r i f i c e  
design
1 / 2  to  1 f t 3 
p e r m inu te
Gas p re ssu re  and 
tem p era tu re  
a t  m ete r read 
once a t each 
p o in t  a t m idd le  
o f  sam pling 
p e r io d . I n te ­
g ra t in g  m eters 
every hour o r 
s t a r t  and end o f 
each run
N a tio n a l Dust
C o lle c to r
C o rp o ra tio n
R eport #177 
In s tr u c t io n s  
f o r  Sampling 
P a r t ic u la te s
1968
Condenser 
immersed in  
p a i l  o f  ic e  
w a ter
Rotam eter Dry t e s t  m eter Vacuum pump Not re q u ire d About 1 f t 3/m in  
Id e a l ly  60 to  
1 0 0  f t J/h o u r  a t 
s tanda rd  
c o n d it io n s
Every 5 m inutes 
o r  whenever th e re  
is  a change o f  
c o n d it io n s .
Gelman
In s tru m e n t
Company
T e ch n ica l
B u l le t in  503
T ech n ica l
B u l le t in  7
1966
One o r  two 
im p ingers  in  
i  ce bath  o r
copper, 
a luminum, o r 
s te e l tu b in g  
coo led by a i r ,  
w a te r o r  ic e  
bath
L im it in g  
o r i f i c e  f o r
co n s ta n t
sam pling ra te  
o r Rotam eter
Dry gas m eter Vacuum pump 
o r  o th e r  dev ice
D ra f t  gages M idge t im pingers 
0 . 1  f t  /m in
Large
G reenburg- 
Sm itb im p ingers 
1 f t  /  m in
M o n ito r  sam pling 
ra te  c lo s e ly
H y d ro -E le c t r ic
Power
Commission o f 
O n ta r io  
Janu a ry , 1966 
V a r ia t io n  o f 
BCURA
Not re q u ire d D i f f e r e n t ia l  
read ings  across 
th e  cyc lone
Dry gas m eter Vacuum c le a n e r 
b low er o r  a i r  
e xha us te r o r 
e je c to r
Type no t s p e c i­
f ie d  but v e r t ic a l  
type  p robab ly  
most s u i ta b le  
f o r  30 in .  ^ 0  
p ressure  drop
Not s p e c if ie d Manometer read ings  
must be watched 
c a r e fu l ly  over 
the  sam pling
p e rio d
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C O M P A R I S O N  O F  S A M P L I N G  T R A I N  C O M P O N E N T S  
A N D  A C C E S S O R I E S  ( M E T E R I N G  A N D  G A S  M O V I N G  D E V I C E S )
PROCEDURE CONDENSER RATE METER
INTEGRATING 
VOLUME METERS GAS METER
MANOMETER FOR 
RATE METER SAMPLING RATE
FREQUENCY OF 
INSTRUMENT READING
Bay Area A ir
P o llu t io n
C o n tro l
D is t i c t  Source 
T es t Methods
1960-61
M o is tu re  tra p  
b e fo re  m ete r 
when sam pling 
wet dus t
Not used Dry gas m eter 
o f  th e  Sprague 
1A type
Vacuum pump 
w ith  1 .3  cfm 
c a p a c ity  o r 
Penberthy XL-96 
improved type  
e je c to r
Not used Maximum appears 
to  be 1 .3  f t  
p e r m inute
A p p ro x im a te ly  
every 5 m inutes
Tennessee
V a lle y
A u th o r i ty  A ir  
Q u a li ty  Branch 
"An E xe rc ise  
In  Source 
Sampling Methods 
by J . R. Duncan 
& A. E. Owen,Or.
M arch, 1970
C oo ling  d ev ice  
o f  c o i l  in  ic e  
ba th  between 
c o l le c t in g  
de v ice  and 
m ete r
L im it in g  f lo w  
o r i f i c e  o r  
ro ta m e te r 
cou ld  be used
Dry gas m ete r 
most a ccu ra te  
gas m easuring 
dev ice
Vacuum pump o r 
a i r  e je c to r
Not s p e c if ie d  
because ra te  
meters no t 
r e a l ly  
recommended
.1  f t ’V m in  f o r  
m idge t and 
1 f t v m in  f o r  
la rg e  im p ingers
M eter ra te  must 
be observed 
c a r e fu l ly
Departm ent o f  
P u b lic  H e a lth  
A i r  P o llu t io n  
C o n tro l 
F o r t  W orth , 
Texas
R e g u la tio n  #1
ASME PTC-27 ASME PTC-27 ASME PTC-27 ASME PTC-27 ASME PTC-27 ASME PTC-27 ASME PTC-27
Wayne County, 
M ich igan  
"Suggested 
P rocedure ,
S tack Sam pling"
Not s p e c if ie d Not s p e c if ie d Not s p e c if ie d Not s p e c if ie d Not s p e c i f ie d 1 . 6  f t 3/m in  
re p re se n ts  
a p p ro x im a te ly  
90% o f  maximum 
f lo w  c a p a c ity  
o f  sam pling 
t r a i n .
Not s p e c if ie d
O il H eating 
A s s o c ia t io n  o f  
Canada 
Urban A i r  
P o llu t io n  
C o n tro l
June , 1965
Not s p e c if ie d C a lib ra te d  
o r i f i c e  m ete r 
may be most 
co n ve n ie n t f o r  
outdoors
Sprague d ry 
gas m ete r o r 
wet t e s t  m ete r
Gast r o ta ry  
pump, o r  steam , 
w a te r o r  a i r  
e je c to rs
N ot s p e c if ie d 1 f t 3/m i n 
N orm ally  
im p inge rs  can 
o p e ra te  from * 
.75  to  15 f t J 
pe r m inu te . 
Paper th im b le s  
from  .5  to  2 .5  
f t v m i n .
Mot s p e c if ie d
N a tio n a l C ouncil 
o f  the  Paper 
In d u s try  f o r  
A i r  and Stream 
Improvement In c . 
A tm ospheric  
P o llu t io n  
T e ch n ica l 
B u l le t in  #41 
A u gust, 1969
Knockout b o t t le  
and im p ingers  in  
c o ld  w a te r bath  
a re  p a r t  o f  
s ta n d a rd  t r a in  
f o r  m o is tu re  
d e te rm in a t io n .
Not used Dry gas m eter Vacuum pump Not used Not s p e c if ie d Not s p e c if ie d
Measurements and 
Sampling o f  A i r  
P o llu ta n ts  From 
A K r a f t  M i l l  
(M acM illan  
B lo e d e l Research 
L t d . , B .C .) 
Ja n u a ry , 1969 
(T404)
C .P .P .A .
For u n sa tu ra te d  
gas: 2  l i t r e  
c a p a c ity  knock­
ou t j a r  typ e  
condenser.
For s a tu ra te d  
gas: an im p inge r 
t r a in  is  used.
Not used 
g e n e ra lly .
O r i f ic e  used 
w ith  s im p le r  
t r a in .
Dry gas m ete r 
used g e n e ra lly .
Not used w ith  
th e  s im p le r  
t r a in .
A i r  A s p ira to r Not used 
g e n e ra lly .
Used w ith  th e  
s im p le r  t ra in .
Not s p e c if ie d Not s p e c if ie d
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PROCEDURE CONDENSER RATE METER
INTEGRATING 
VOLUME METERS GAS METER
MANOMETER FOR 
RATE METER SAMPLING RATE
FREQUENCY OF 
INSTRUMENT READING
The Chemical 
and In d u s t r ia l  
C o rp o ra tio n  
G ir d le r  Corp. 
" P r i l l  Tower 
E f f lu e n t  
Sampling 
Procedure f o r  
a B u s tle  Type 
Tower"
Not re q u ire d O r i f ic e  
( c a l ib ra te d )
Not used Vacuum pump 1 2  in .  manometer A llo w a b le  f lo w  
ra te  is  about 
4 f t 3/m in  f o r  
a 5 inch sam pler
Not s p e c if ie d
P u b lic  S e rv ice  
E le c t r ic  and 
Gas Company 
Maplewood,
New Jersey 
T e s tin g  Lab
"Sampling 
E f f lu e n t  Gases 
f o r  P a r t ic u la te  
M a tte r"
R. W. Wasser
M o is tu re  t ra p  
b u i l t  in to  
probe a t  the  
end where i t  
screws in to  
sam pling head
Not used No. 1 Emco 
t e s t  gas 
m ete r
S ch u tte  and 
K o e rtin g  steam 
j e t  exha uste r
Not used Not s p e c if ie d A t 5 m inute  
in te r v a ls  
f o r  the  e n t ir e  
t e s t  run
N a tio n a l Coal 
Boa rd
O c to b e r, 1960 
D. Crow ther
Not re q u ire d O r i f ic e Not used E le c t r ic a l  ly  
d r iv e n  ro ta ry  
e xh a u s te r 
compressed a i r  
e je c to r
Graduated from  
0 - 1 0  in .  H2 0
Slope can be
uujUSteu wG
1 in .  2 0  
1 in .  1 0  
1 in .  5 and 
v e r t ic a l
Should n o t f a l l  
below 5 f t 3/m in  
f o r  c o l le c t io n  
e f f ic ie n c y  
o f  v>xiul cyclo iiv; 
t o  be m a in ta in e d  
up to  15 f t 3/m in
Not s p e c if ie d
N a tio n a l Coal 
Board
D. Crow ther
1964
Not re q u ire d Not re q u ire d  
Use p ressu re  
drop across 
cyc lo ne  probe.
Not used High speed 
b lo w e r typ e  fa n . 
d e l iv e ry in g  
up to  1 0  f t  
o f  gas a g a in s t 
a s u c t io n  
p re ssu re  o f 
40 in .  w .g .
S im ple v e r t ic a l  
manometer 
0-36  in .  H20
G e n e ra lly  less 
than 8 .5  f t  /m in
Not s p e c if ie d
N a tio n a l Coal 
Board
1970
Not re q u ire d Not re q u ire d  
Use p ressu re  
d rop across 
cyc lo ne  probe
Not used M a rtin d a le  
B low er Fan 
Typhoon Type 
s u ita b ly  
s ile n c e d  •> 
d e l iv e r y  1 0  f t  
p e r m inute
A ir f lo w  
Developments 
L td . "S lim  J im " 
Manometer 
0-36  in .  H20
Can be as h igh 
as 1 0  f t  /m in
Not s p e c if ie d
C .J. S ta irm and 
"The Sampling 
o f  Dust-Laden 
Gases" T rans. 
I n s t .  Chem. Engr
29, 1, (1951)
C oo ling  c o i l  in  
ic e  w a te r and 
c a tc h -p o t needed 
f o r  gases a t  
e le va te d  
tem pera tu res
Sharp-edged 
o r i f i c e  p la te s
Not s p e c if ie d P o s it iv e  a c t io n  
e xha us te r o r 
a i r  o r  steam 
e je c to rs
Type n o t s p e c i­
f ie d  bu t 
in c l in e d  shown 
in  f ig u r e s .
1 / 2 - 6  f t 3/m i n 
f o r  f i l t e r s  as 
de sc rib e d  in  
t h is  paper
2  to  150 f t 3/m in  
f o r  cyc lones
Not s p e c if ie d
B r i t is h  S te e l 
C astings 
Research Assn.
1961
Not re q u ire d C onstant f lo w  
o r i f i c e
Not used Compressed a i r  
e je c to r
D i f f e r e n t ia l
manometer
Using a range 
o f  o r i f ic e s  and 
nozz les  the  
in s tru m e n t can 
be used to  
sample from  
dusts  w ith  v e lo ­
c i t ie s  rang ing  
from  500 to  9000 
f t / m in .
Not s p e c if ie d
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PROCEDURED CONDENSER RATE METER
INTEGRATING 
VOLUME METERS GAS METER
MANOMETER FOR 
RATE METER SAMPLING RATE
FREQUENCY OF 
INSTRUMENT READING
B r i t is h  S te e l 
C o rp o ra tio n  
Research and 
Development 
"S im p li f ie d  
Dust Sampling 
Apparatus f o r  
Use in  I ro n -  
and S te e lw o rks " 
J . H. F lu x ,
D. J . Sm ithson 
R. N. Sm ithson 
J . Iro n  and 
S te e l I n s t i t u t e  
206, 12 (1968)
S im ple a i r -  
coo led  copper 
tu b in g  fo llo w e d  
by s im p le  w a te r 
t ra p  fo llo w e d  
by a CaCl2  d ry ­
in g  to w e r and 
coarse f i l t e r
Rotam eter on 
p re ssu re  s id e  
o f  pump
Dry gas m eter 
on p ressu re  
s id e  o f  pump
R otary vane typ e  
vacuum pump 
ra te d  a t  7 .5  f t  
pe r m inute  
a t 22 in .  Hg.
Not re q u ire d Up to  7 .5  f t 3 
p e r m inute
Not s p e c if ie d
B r i t is h  I ro n  
and S te e l 
Research Assn. 
"Measurement 
o f  Dust in  F lue 
Gases"
R. Jackson 
R. A. G ra n v il le  
The I ro n  and 
S te e l I n s t i t u t e  
S p e c ia l Report 
#61
1957
A ir - c o o le d  c o i l  
fo llo w e d  by c o i l  
immersed in  ic e  
w a te r
Rotam eter on 
p re ssu re  s id e  o f  
pump fo llo w in g  
d ry  t e s t  m eter
Domestic in t e ­
g ra t in g  gas 
m ete r on p re s ­
su re  s id e  o f  
pump
Two sm a ll gas- 
t ig h t  vane pumps 
connected in  
p a r a l le l  each 
w ith  2  f t 3/m in 
c a p a c ity
Not re q u ire d 3 f t^ /m in Not s p e c if ie d
The B r i t is h  
P e tro leum  Fuels 
Research Branch 
"Measurement o f 
th e  F lue Gas 
S o lid s  Burden 
from  O il- F i r e d  
Using A S i l i c a  W 
L. K. R endle , Jo 
I n s t i t u t e  o f  Fue
W ater coo led 
ty p e  fo llo w e d  
by d ry in g  tow er
In s ta l la t io n s  
oo l F i l t e r "  
u rn a l o f  th e  
1, Ja n u a ry , 1964
Rotam eter on 
p ressu re  s id e  o f  
pump fo llo w in g  
d ry  t e s t  m eter
Dry gas m eter 
on p re ssu re  s id e  
o f  pump
Vacuum pump 
c a p a c ity  2 . 6  f t  
p e r m inu te  
maximum
Not re q u ire d S tandard sam pling 
sam pling ra te  o f  
o f  1 f t3 /m in .  
is  used ,  
( .2 5  to  2 .5  f t J 
p e r m inu te  i f  
needed)
Not s p e c if ie d
S h e ll
In te r n a t io n a l 
P e tro leum  L td . 
Report #101F 
The S h e ll 
Carbon
D e te rm in a tio n
Apparatus
1965
Not re q u ire d  
Use 2 Dreschel 
b o t t le s  and 
D ry ing  Tower 
w ith  s i l i c a  ge l
Rotam eter a f te r  
pump
Not used Double ended 
d iaphram  pump
Not re q u ire d 5 to  15 l i t r e s  
p e r m inute
Not s p e c if ie d
The S te e l 
Company o f  
Canada, H a m ilto r 
1967
V a r ia t io n  o f  
WP-50
S ta in le s s  s te e l 
as in  WP-50
Not used Dry type  
p o s i t iv e  d is ­
placem ent type  
us ing  b e llo w s  
to  open and 
c lo se
Penberthy Type 
A i r  E je c to r
Not used 1 /2  to  3 f t 3 
p e r m inute
A t a p p ro p r ia te  
in te r v a ls
G eneral Motors 
Corp. T ech n ica l 
C entre  " A 
P r a c t ic a l S tack 
Sampling P ro­
cedu re ,
J . F. S tevens, A 
Hygiene Assn. Jo
Not used 
G reenburg-Sm ith 
im p ingers  are  
p a r t  o f  wet 
sam pling t r a in
m. In d u s t r ia l  
u rn a l 22, 5 1961
O r i f ic e
3 / 1 6  i n .  s h a r p -  
edge
Not used Pump ( e le c t r ic a l ) M agnehelic
g a u o e  w i t h
0-12 in .  H20
p ressure
range
1 .3  f t 'V m in .  t o r
w e t  t r a i n .
2  f t 3  f o r  d ry  
t r a in ,  max. 
va lues
Not s p e c if ie d
"A F i l t e r  T es t 
Method f o r  Rapid 
D is t r ib u t io n  o f 
Streams to  Evalu 
C o lle c to rs "  J .  K 
W. A. V e rro c h r i,  
C o n tro l Assn. j j
Not used
)u s t In  Gas 
a te  Dust 
a tz  and
J . A i r  P o llu t io n  
x  6  (1968)
O r i f ic e Not used Type no t 
s p e c if ie d
Sim ple type  
from  diagram
Not to o  im p o rta n t 
bu t gas v e lo c ity  
th ro ugh  probe 
a t  le a s t  15 f t  
p e r second 
d e s ira b le
Not s p e c if ie d
"S tack  Sampling 
Theory & P ra c t 
t i c a l i t y " , W. T. 
AIME M e e tin g , Fet
Not s p e c if ie d
Ingram , R e p rin t 
ru a ry ,  1970
Not s p e c if ie d Not s p e c i f ie d Not s p e c if ie d Not s p e c if ie d Not s p e c if ie d Not s p e c if ie d
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C O M P A R I S O N  O F  O P E R A T I O N A L  T E C H N I Q U E S  
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W estern P re c ip it a t io n  
WP-50 1936-48-51-56- 
58- 6 8
Not s p e c i f ic C um ula tive  s tanda rd  b u t in c re  
m enta l d iscussed
Assume no change in  c o n d it io n s  
a f te r  v e lo c i t y  t ra v e rs e .  N u ll 
ba lance te ch n iq u e  a ls o  p o s s ib le .
BCURA 1961-68 Sampling o f  waste f lu e  
gases from  s o l id - f u e l - f i r e d  
p la n ts
Increm en ta l Assume c o n d it io n s  do no t 
change a f te r  v e lo c i t y  t ra v e rs e  
o th e rw ise  use p i t o t  tube  a t 
re fe re n ce  p o in t  to  a d ju s t  f lo w .
Research C o t t r e l l  
1955-57-58 
V a ri a t i  on o f  ASME 
PTC 21 -  1941
Not s p e c i f ic .  B la s t 
fu rn aces  m entioned
C um ula tive  im p lie d  bu t in c re ­
m ental d iscu sse d .
Assume no change in  c o n d it io n s  
a f te r  v e lo c i t y  t ra v e rs e
ASME PTC 21 (1941) 
ASME PTC 27 (1957)
For any gas stream  c o n fin e d  
in  a d u c t c a r ry in g  p a r t ic le s  
1 o r  la rg e r .
Inc re m en ta l id e a l b u t cu m u la tive  
more p r a c t ic a l .  Continuous t r a ­
v e rs in g  a ls o  d iscussed
I f  v e lo c i t y  co n s ta n t use 
i n i t i a l  v e lo c i t y  t ra v e rs e ;  
o th e rw ise  v e lo c i t y  read ings  
to  be taken every hour o r 
more f re q u e n t ly .
USPHS ( APCA 67-119) 
June , 1967
W.S. S m ith , R.M. M a rtin  
D.E. D u rs t*  R.G. Hyland 
T .J . Hogan, C.B. Hager
For ducts o r  s tacks  o f  
most chem ica l and com­
b u s t io n  processes. Some 
m o d if ic a t io n s  needed f o r  
tem pera tu res above 1500°F
C um ula tive S im ultaneous p i t o t  tube 
t ra v e rs e  w ith  p a r t ic u la te  
sam pling
Research A p p liance  
Company 
O c tobe r, 1969
Wet ph o sp h o ric  a c id  
fu rn a ce  ph o sp h o ric  a c id  
phosphate f e r t i l i z e r ,  
t ita n iu m ,  in c in e ra t io n ,  
coa l com bustion
C um ula tive S im ultaneous p i t o t  tube 
t ra v e rs e  w ith  p a r t ic u la te  
sam pling
USPHS S p e c if ic a t io n s  
f o r  In c in e ra to r  
T e s tin g  a t Federal 
F a c i l i t i e s
O c tobe r, 1967
For m u lt ip le  chamber 
in c in e r a to r s  us ing  le ss  
than 2 0 0 0  l b / h r  o f  waste. 
For m u lt ip le  typ e  bu rn ing  
p a th o lo g ic a l w aste . S in g le  
chamber in c in e ra to rs  
(e xce p t f lu e  o r  chu te  fed  
ty p e ) bu rn ing  gen e ra l o r  
p a th o lo g ic a l waste
C um ula tive  excep t f o r  p a th o lo g ic a l 
typ e  where sam pling probe w i l l  be 
p laced  a t  p o in t  co rre spond ing  to  
p o in t  o f  average s ta c k  v e lo c i t y  
f o r  a one -hour t e s t .
P i to t  tube and therm ocouple 
to  be a tta ch e d  to  th e  sample 
c o l le c t io n  probe to  measure 
v e lo c i t y  and tem p era tu re  a t  
samole p o in t .
Kentucky A i r  P o llu t io n  
C o n tro l Commission 
Recommended Procedure 
f o r  I n c in e ra to r  and 
Waste B u rne r P e r fo r ­
mance Tests As Required 
By R e g u la tio n s  #3, #4
R e g u la tio n  #3 f o r  d e te r ­
m in ing  w hether an 
in c in e r a to r  meets p e r fo r ­
mance c r i t e r i a .
R e g u la tio n  #4 f o r  waste 
bu rn e rs .
C um ula tive P i to t  tube  and therm ocoup le  
to  be used in  c o n ju n c t io n  
w ith  sam pling n o zz le  w i th ­
ou t d is tu rb in g  gas f lo w .  I f  
tem pera tu re  p reven ts  th is  
check v e lo c i t y  every 5 m in. 
N u ll type  nozz le  can be used.
In c in e ra to r  I n s t i t u t e  
o f  America 
B u l le t in  T- 6  
" I n c in e r a to r  T e s tin g "  
June , 1967
For in c in e ra to rs  up to  
2 0 0 0  lb /h r  ca p a c ity
Cum ula tive N u ll probe suggested bu t 
sepa ra te  p i t o t  tube in  f lu e  
gas stream  a t  sample probe 
in le t  may be used
The Ducon Company In c . 
ED -5/67-2 and "S tack 
Sampling" Paper a t  18th 
V e n t i la t io n  and A ir  
P o llu t io n  C o n tro l 
Conference
A gen e ra l t e s t  procedure Cum ula tive Assume v e lo c i t y  does n o t 
change a f t e r  v e lo c i t y  tra v e rs e
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County o f  Los Angeles 
Source T e s tin g  Manual 
1963-65
For d i f f e r e n t  in d u s t r ia l  
processes
S in g le  p o in t  sam pling f o r  un ifo rm  
v e lo c i t y  and steady f lo w  ra te .  
C um ula tive  f o r  v a r ia b le  s tack  
c o n d it io n s .
P i to t  tube p o s it io n e d  a t 
re fe re n ce  p o in t  (u s u a lly  
c e n tre )
M a n u fac tu ring  Chem ists' 
A s s o c ia t io n  In c .
" A i r  P o llu t io n  Abate­
ment Manual" 1952
Not l im ite d  to  any p a r t i ­
c u la r  purpose
No s p e c i f ic  recommendation No s p e c i f ic  recommendation
American Pe tro leum  
I n s t i t u t e  Manual On 
D isposa l Of R e fin e ry  
Wastes 1954
For s ta c k s , f lu e s ,  c o n d u its ,  
vents
D iscuss sam pling a t a s in g le  p o in t .  
I n te n t  must be in c rem en ta l 
sam p ling .
Not c le a r  bu t im p lie d  th a t  
v e lo c i t y  to  be measured a t 
sam pling p o in t  ju s t  be fo re  
sa m p lin g .
F i l t r a t io n :  2000 
s iz e  0 . 2  
Im pingement: f o r  
fumes and ae roso ls  
1
Im p a c tio n : p ro v id e s  
f o r  m ic ro sco p ic  
a n a ly s is
1 .5  s iz e  .1 
200 s iz e  .7 
700 v e lo c i t y  
60 mph 
80 v e lo c ity  
5 mph
USPHS Source Sampling
Fi>r nuiiG Spiicri l
P o llu ta n ts  T ra in in g  
Course Manual In  A i r  
P o llu t io n  1965
G eneral Inc re m e n ta l o r  C um ula tive  depend­
in g  on purpose o f  t e s t  ana te s t  
c o n d it io n s
P i to t  tu b e  p o s it io n e d  a t 
s u i ta b le  re fe re n c e  p o in t
Cyclones f o r  p a r t ic le s  
6 - 1 0
AIChE Today S e ries  
In t r o d u c t io n  to  A ir  
P o llu t io n  C o n tro l 
B. B. C ro cke r,
K. B. S ch n e lle  1969
General D iscuss io n  o f  T e s t­
ing
Sample a l l  t ra v e rs e  p o in ts  s im u l­
ta n e o u s ly  i f  p a r t ic le  s iz e ,  
c o n c e n tra t io n  o r  f lo w  ra te  va ry 
w ith  tim e
N u ll- ty p e  probe is  a 
p o s s ib i l i t y ;  o th e rw ise  no 
s p e c i f ic  recommendation
Cyclones: a ccu ra te  to  
3
E le c t ro -  a ccu ra te  to  
s t a t i c :  1 / 2  
The rm a l: a ccu ra te  to  
1
American Foundrymen's 
S o c ie ty  8  The Gray & 
D u c t i le  I ro n  Founders' 
S o c ie ty  In c . J o in t  
Committee "T e n ta t iv e  
P ra c t ic e  f o r  T e s tin g  
o f  Dry P a r t ic u la te  
Em issions from  Iro n  
Foundry Cupolas (n o t 
f o r  gen e ra l c ir c u la t io n  
ASME PTC 27 v a r ia t io n  
1969-70
For d ry  p a r t ic u la te  em issions 
from  Iro n  Cupola Foundries
C um ula tive  im p lie d N u ll- ty p e  no zz le  p re fe rre d  
(ba lanced  s t a t i c  o r  balanced 
im pact p ressu re  ty p e ) .  O ther 
app rox im a tions  no t recom­
mended.
1
F ixed ra te  sam pling 
t ra in s  a re  unaccept­
a b le . Dust sam pling 
must be done a t  each 
v e lo c ity  p o in t .
American A i r  F i l t e r  
Company In c . Report 
139, 1956
5 in ch  Dust Sampler 
13 in ch  Dust Sampler 
O pe ra ting  In s tru c t io n s
Not in ten ded  f o r  use where 
gases o r l i q u id  ae ro so ls  are  
th e  contam inants to  be
ana lyzed
C um ula tive Assume v e lo c i t y  does no t 
change a f t e r  v e lo c i t y  
tra v e rs e
In d u s t r ia l  Gas C leaning 
I n s t i t u t e  In c .
IGCI E-P2 Wet C o lle c  
C o lle c to rs  D iv is io n  
P u b lic a t io n  No. 1
1964-65
Designed to  cove r the  t e s t ­
in g  o f  a l l  types o f  gas 
scrubbers  e f fe c t in g  removal 
o f  s o l id ,  l i q u id  p a r t ic le s  
o r  condensable vapour 
co n ta m in a n ts .
C um ula tive Assume v e lo c i t y  does not 
change a f t e r  v e lo c i t y  
tra v e rs e
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N a tio n a l Dust 
Col le c to r  Corp.
Report #177 
In s tr u c t io n s  f o r  
Sampling P a r t ic u la te s  
1968
As a supplem ent to  IGCI 
P u b lic a t io n  #1 and must 
be used in  c o n ju n c t io n  w ith  
IGCI procedures
S in g le  p o in t  in  m id d le  o f  duct 
sampled un less codes c a l l  f o r  
a t ra v e rs e  f o r  ducts  o f  average 
s iz e .  I f  t r a v e rs in g ,  use 
cu m u la tive  te c h n iq u e .
Assume v e lo c i t y  does no t 
change a f t e r  v e lo c i t y  
tra v e rs e .
Gelman In s tru m e n t 
Company T ech n ica l 
B u l le t in  503, 
T e ch n ica l B u i le t in  7 
1966
For b o i le r  s ta c k s , wet 
scrubbe rs  and fume w ashers.
C um ulative Assume v e lo c i t y  does no t 
change a f t e r  v e lo c ity  
tra v e rs e
H y d ro -E le c t r ic  Power 
Commission o f  O n ta r io  
Janu a ry , 1966 
V a r ia t io n  o f  BCURA
For d e te rm in in g  perform ance 
o f  f ly - a s h  removal e q u ip ­
ment
Inc re m en ta l recommended f o r  
b e g in n e rs . Researchers p re fe r  
in c re m e n ta l because in fo rm a tio n  
on r e l i a b i l i t y  o f  th e  average 
is  a ls o  o b ta in a b le .  Cum ula tive  
is  q u ic k e r .
Assume v e lo c i t y  does no t 
change a f t e r  v e lo c i t y  
t ra v e rs e .
M o d if ic a t io n  o f  BCURA 
te s t  equipment
Bay Area A i r  P o llu t io n  
C o n tro l D i s t r i c t  
Source T e s t Methods 
1960-61
O u tlin e s  procedures f o r  
Bay Area R e g u la tio n  2 which 
se ts  l im i t a t io n s  on em iss io r 
o f  p a r t ic u la te s  from  a w ide 
v a r ie t y  o f  o p e ra t io n s .
2
I f  duc t is  le ss  than 4 f t  and 
v e lo c i t ie s  a re  reasona b ly  un ifo rm  
a p o in t  o f  average v e lo c i t y  may 
be used as th e  sam pling p o in t  
th ro u g h o u t th e  t e s t .  C um ulative 
o th e rw is e .
Reference p i t o t  tube 
s ta tio n e d  w i th in  duc t a t  a 
p re -d e te rm in e d  p o in t  o f  
average v e lo c i t y
Tennessee V a lle y  
A u th o r i ty  A i r  Q u a lity  
Branch "An E xe rc ise  
Tn S nurrp  Samnlinn 
Methods" by 
0. R. Duncan and 
A. E. Owen, J r .
M arch, 1970
Not s p e c if ie d Not s p e c if ie d  d i r e c t ly  bu t 
c u m u la tive  im p lie d .
Assume no change in  
c o n d it io n s  a f t e r  v e lo c ity  
tra v e rs e
Im pingers u s e fu l 
when p a r t ic le  s iz e  
2
Department o f  P u b lic  
H e a lth  A i r  P o llu t io n  
C o n tro l,  F o r t  W orth, 
Texas, R e g u la tio n  #1
Same as ASME PTC-27 Same as ASME PTC-27 Same as ASME PTC-27
Wayne C ounty, M ichigan 
"Suggested Procedure , 
S tack Sam pling"
Not s p e c if ie d Not s p e c if ie d  d i r e c t ly  but 
c u m u la tive  im p lie d .
V e lo c ity  p re ssu re  a t  each 
sam pling may be m on ito red  
w ith  a p i t o t  tube d u rin g  
sam pling b u t g e n e ra lly  from  
v e lo c i t y  measured be fo re  
sam p ling .
O il H ea ting  Assn. 
o f  Canada, Urban A ir
P o l l u t i o n  C o n t r o l
June , 1965
G eneral c o n t r ib u t io n  to  the  
developm ent o f  e f fe c t iv e
a i r  c o n s e r v a t i o n  1n u r b a n
areas co n te m p la tin g  c o n tro l 
program s.
Not s p e c if ie d N u ll typ e  n ozz le  can be usee 
b u t no t a ccu ra te  a t  low
v e l o c i t i e s  o f  t h e  o r d e r  o f
15 to  17 f t / s e c .  O therw ise 
use v e lo c ity  da ta  from  p re ­
lim in a ry  v e lo c i t y  t ra v e rs e
N a tio n a l C ouncil o f 
th e  Paper In d u s try  
f o r  A i r  and Stream 
Improvement In c . 
A tm ospheric  P o llu t io n  
T e ch n ica l B u l le t in  
#41, A u gust, 1969
Designed to  s e t f o r t h  s u i t ­
a b le  techn iques f o r  measur­
in g  am bient a i r  q u a l i t y  and 
process em issions from  pu lp  
and paper making o p e ra tio n s .
Not s p e c if ie d C oncurren t v e lo c i t y  measure­
ment and sam pling w ith  S 
type p i t o t  tube  1 to  1 .5  
inches from  sample nozz le  
o r  N u ll type  balance 
sam pling n ozz le  b u t t h is  is  
no t recommended f o r  pu lp  
and paper in d u s t ry .
P rov ides  a good 
c h a p te r on Flow 
C a lib ra t io n  Techniques
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Measurements and 
Sampling o f  A i r  
P o llu ta n ts  From A 
K r a f t  M i l l  
(M acM illa n  B loede l 
Research L t d . , B .C .) 
Janu a ry , 1969 
(T404) C .P .P .A .
For sam pling and m easuring 
a i r  p o l lu ta n ts  from  a 
K r a f t  M i l l . S p e c if ic  
equipment would be Hog 
fu e l fu rn a c e , recove ry  
fu rn a c e , d is s o lv in g  tank 
lim e  k i ln  d ig e s te r .
Not s p e c if ie d  d i r e c t ly  bu t 
cu m u la tive  im p lie d .
V e lo c ity  tra v e rs e  combined 
w ith  sam pling t ra v e rs e  to  
determ ine permanent sam pling 
p o in ts  where a c tu a l v e lo c ity  
and p a r t ic u la te  co n ce n tra ­
t io n s  a re  c lo se  to  the 
average.
P rov ides a good 
rev iew  o f  a l 1 methods 
in  c u r re n t  use in  
K ra f t  M i l ls .
The Chemical and 
I n d u s t r ia l  Corp. 
G ir d le r  Corp.
" P r i l l  Tower E f f lu e n t  
Sampling Procedure 
fo r  a B u s tle  Type 
Tower"
For sam pling the  a i r  
le a v in g  th e  top  o f  a 
b u s t le  type  p r i l l  tow er
Incre m en ta l Assume v e lo c i t y  does not 
change a f te r  v e lo c ity  
tra v e rs e
P u b lic  S e rv ice  
E le c t r ic  and Gas 
Company, Maplewood, 
New J e rs e y , T e s tin g  
Lab, "Sam pling 
E f f lu e n t  Gases fo r  
P a r t ic u la te  M a tte r"  
R. W. Wasser
Developed f o r  C e n tra l 
S ta t io n  b o i le r s  us ing  
p u lv e r iz e d  coal b u t can 
be m o d if ie d  f o r  p a r t ic u la te  
m a tte r  in  any co n fin e d  gas 
stream .
C um ula tive  w ith  se ve ra l tra v e rs e s  
be ing c a r r ie d  ou t s im u lta n e o u s ly
Balanced d r a f t  sam pling 
nozz le  a f fo rd s  a more exact 
and s im p le r  method o f  is o ­
k in e t ic  sam pling
N a tio n a l Coal Board 
O ctober 1960 
D. C row ther
Developed i n i t i a l l y  w ith  
o b je c t  o f  m easuring g r i t  
em issions from  N.C.B. 
b o i le r  p la n ts .
c u m u la tive  (In c re m e n ta l i f  i t  is  
re q u ire d  to  e s ta b l is h  th e  p a t te rn  
o r  c o n to u r o f  g r i t  c o n c e n tra t io n  
across th e  f lu e .
Assume no change in  c o n d it io n s  
a f te r  v e lo c i t y  t ra v e rs e .
N a tio n a l Coal Board 
1964 "Notes on Sim ple 
Apparatus f o r  Measur­
ing  G r i t  Concentra­
t io n s  in  F lue Gases 
From C o a l-F ire d  
B o ile rs "
D. C row ther
Designed w ith  th e  o b je c t 
o f  making g r i t  sam pling 
s u b s ta n t ia l ly  s im p le r  
than p re s c r ib e d  in  B r i t is h  
S tandard 3405.
C um ula tive Assume no change in  c o n d it io n s  
a f te r  v e lo c i t y  t ra v e rs e
N a tio n a l Coal Board
1970
Equipment designed f o r  
use w ith  coa l f i r e d  b o i le r s  
Not in ten ded  f o r  use w ith  
procedures o u t lin e d  in  
BSS 893 f o r  em issions from  
la rg e  b o i le r s
C um ula tive Assume no change in  c o n d it io n s  
a f t e r  v e lo c i t y  t ra v e rs e .  
F o llo w in g  th e  sam pling a 
fu r th e r  v e lo c i t y  su rvey  is  
c a r r ie d  o u t.  I f  th e  sum o f  
p re ssu re  d i f fe re n c e s  ob ta in e d  
is  w ith in  ± 25% o f  th e  
o r ig i n a l , th e  t e s t  is  acce p t­
a b le .
C. J . S ta irm and  "The 
Sam pling o f  D ust- 
Laden G ases", Trans. 
I n s t .  Chem. Engr.
29, 1, (1951)
G eneral sam pling  o f  dus t 
laden gases.
S in g le  p o in t  sam pling s tandard  
bu t cu m u la tive  t ra v e rs in g  
d iscussed .
Measure v e lo c i t y  d u rin g  
v e lo c i t y  su rvey  and d u rin g  
sam p ling . Nu11- p o in t  methods
can be used e s p e c i a l l y  w i th
e le c t r o s t a t ic  sam ples.
The B r i t is h  S te e l 
C astings Research 
A s s o c ia t io n  1961
Sampling in s tru m e n ts  were 
designed and co n s tru c te d  
by BSCRA to  meet c o n d it io n s  
in  s te e l fo u n d r ie s .
Not s p e c if ie d Not s p e c if ie d
B r i t is h  S te e l Corp. 
Research and 
Development 
"S im p li f ie d  Dust 
Sampling Apparatus 
f o r  Use in  I ro n  and 
S te e lw o rks "
J . H. F lu x , D. J . Smi 
J . I ro n  and S te e l In s t
Apparatus designed to  
meet s p e c ia liz e d  re q u ire ­
ments o f  i r o n -  and s t e e l­
works wnere subm icron 
fumes are  genera ted .
th s o n , R. N. Sm ithson , 
i t u t e ,  206, 12 (1968)
I f  v e lo c i t y  p r o f i l e  is  un ifo rm  
then sample taken from  c e n tre  
o f  th e  d u c t ,  o th e rw is e  samples 
taken from  va r io u s  p o s it io n s  
across th e  d u c t.
Assume no change in  c o n d it io n s  
a f te r  v e lo c i t y  tra v e rs e .
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T A B L E  V
C O M P A R I S O N  O F  O P E R A T I O N A L  T E C H N I Q U E S  
A S  R E L A T E D  T O  P U R P O S E  O F  T E S T
PROCEDURE
BASIC PURPOSE 
OF TEST PROCEDURE RECOMMENDED SAMPLING PROCEDURE
APPROACH TO 
ISOKINETIC SAMPLING COMMENTS
B r i t is h  I ro n  8  S tee l 
Research A s s o c ia tio n  
"Measurement o f  Dust 
In  F lue Gases"
R. Jackson ,
R. A. G ra n v il le
The I ro n  and S tee l 
I n s t i t u t e  
S p e c ia l Report #61
1957
BISRA appara tus designed 
f o r  ra p id  is o k in e t ic  fume 
sam pling in  h o t c o r ro s iv e  
gases produced in  s te e l 
making o p e ra t io n s , e .g . 
s in t e r  p la n ts ,  open-hearth  
fu rn a ce  chimneys
Incre m en ta l p r in c ip le  d iscussed Sampling in  c o n ju n c t io n  
w ith  a p i t o t  tube and 
therm ocouple probe to  
measure gas v e lo c i t y  near 
the sam pling  nozz le
The B r i t is h  Petro leum  
Fuels Research Branch 
"Measurement o f  the 
F lue Gas S o lid s  Burden 
from  O il- F i re d  
I n s ta l la t io n s  Using 
A S i l i c a  Wool F i l t e r "  
L. K. Rendle 
Jo u rn a l o f  the  
I n s t i t u t e  o f  Fuel 
Ja n u a ry , 1964
Method dev ised  f o r  ro u t in e  
d e te rm in a tio n  o f  s o l id s  
burden in  f lu e  gases from  
f u l 1 - s c a le  o i 1 f i  red 
in s ta l la t io n s  in  th e  f i e l d  
and p i l o t  p la n t  r ig s  in  
th e  la b o ra to ry .
Not s p e c if ie d Not d iscussed . BCURA 
and S ta irm and re fe re n ce d .
S h e !1 In te r n a t i  o ra l 
P e tro leum  L td .
Reoort #101F 
The S h e ll Carbon 
D e te rm in a tio n  Apparatus 
1965
A unique p o r ta b le  appara tus 
was developed f o r  d e te r ­
m in ing  th e  carbon co n te n t 
o f  gas stream s.
A t a s in g le  p o in t  wh ich is  no t 
c le a r ly  s p e c if ie d .
Assume p i t o t  tu b e  measure­
ment b e fo re  sam pling p ro ­
v ides  c o r re c t  v e lo c i t y .  
O ften c a lc u la te  v e lo c i t y  
from  process c o n d it io n s .
The S te e l Company o f  
Canada, H am ilton  
1967
V a r ia t io n  o f  WP-50
Standard  method o f  p ro ­
cedure f o r  th e  s tudy o f  
gas streams in  in d u s t r ia l  
f lu e  systems and o f  th e  
suspended m a tte r  in  these 
gas streams
Not c le a r ly  s p e c i f ie d  bu t 
cu m u la tive  im p lie d
Assume no change in  
c o n d it io n s  a f te r  
v e lo c i t y  t ra v e rs e .
General M otors Corp. 
T e ch n ica l C ente r 
"A P ra c t ic a l S tack 
Sampling Procedure"
J . F. S tevens,
Am. I n d u s t r ia l  Hygiene 
Assoc. J o u rn a l 
2 2 , 5  (1961)
A p r a c t ic a l s ta c k  gas 
sam pling p rocedu re  
a p p lic a b le  to  most f i e l d  
c o n d it io n s
C um ula tive Assume no change in  
c o n d it io n s  a f t e r  v e lo c ity  
t ra v e rs e
"A F i l t e r  T e s t Method 
f o r  Rapid D is t r ib u t io n  
o f  Dust In  Gas Streams 
to  E va lua te  Dust 
C o lle c to rs "  J . Katz 
and W. A. V e rro c h r i 
J . A i r  P o llu t io n  
C o n tro l Assn,
J 8 , 6  (1968)
S imple g ra v im e tr ic  t e s t  
method th a t  was used as 
a f i e l d  to o l to  diagnose 
v a r ia t io n s  and m al­
fu n c tio n s  in  dust 
c o l le c t o r  perform ance .
S in g le  p o in t  sample measurement Assume no change in  
c o n d it io n s  a f t e r  v e lo c i t y  
t ra v e rs e
"S ta ck  Sampling Theory 
& P r a c t ic a l i t y "
W. T. Ingram , R e p rin t 
AIME M eeting 
Fe b ru a ry , 1970
An a tte m p t to  rev iew  the  
b a s ic  th e o r e t ic a l re q u ire ­
ments and to  comment on 
th e  p r a c t ic a l i t ie s  o f 
th e  s ta c k  sam pling 
p rocedu re .
Incre m en ta l E s ta b lis h  a p i t o t  tube 
a t  a re fe re n c e  p o in t  
but t h is  p rocedu re  s t i l l  
in tro d u ce s  e r ro rs .
P rov ides some ideas 
f o r  fu tu r e  work in  
th e  area o f  s tack  
sam p ling .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
V. ANALYSIS OF FACTORS AFFECTING 
THE ACCURACY OF STACK SAMPLING
A. Introduction
In any a i r  p o l lu t io n  study accurate sampling is  essentia l. The 
methods and techniques fo r  determining the concentration of a i r  p o l lu ­
tants in stacks are important:
i .  To evaluate the existence o f hazardous 
emission levels of p o l lu t io n  to the atmosphere
i i .  To determine the effectiveness of control
programs and
i i i .  To evaluate the amount and kind o f p o l lu t io n  
ar is ing  from a p a r t ic u la r  source.
E ff luen t and process sampling are not routine operations. Ducts 
of a l l  shapes, sizes and configurations must be sampled over a wide 
range of ve lo c it ie s  and p a r t icu la te  concentrations. The common denomi­
nators are the acqu is it ion  o f a t r u ly  representative sample of the 
objectionable m ateria ls , th e i r  concentration in the stack gas, the to ta l 
emission rate and amount of the carrying gas.
This chapter is  concerned w ith an analysis of factors a ffec t ing  
the accuracy o f stack sampling. These sources of errors w i l l  be d is ­
cussed under th r e e  major headings:  p r e l i m i n a r y  survey;  p a r t i c u l a t e  sam­
pling  and analys is ; and gaseous sampling and analysis. Note tha t in th is  
i n i t i a l  report a l l  pert inent references could not be considered and in -
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eluded as they re la te  to various sources of errors. Therefore, th is  
discussion must be considered to be a p a r t ia l  one which w i l l  be revised 
as new references are collected and analyzed.
B. Preliminary Survey
In the prelim inary survey one is interested in  obtaining accessible 
stack sampling s ites which most c losely approach the idea l. That is  the 
sampling s i te  is  chosen so tha t i t  w i l l  give t ru ly  representative samples. 
In add it ion , before accurate sampling can be performed fo r  p a r t icu la te  
and gaseous p o l lu ta n ts , i t  is necessary to measure accurately both the 
local and to ta l gas flows. The gas density must be known as well in 
order to complete the ve lo c ity  ca lcu la t ion . The stack gas density is 
normally calculated from temperature, pressure and composition measure­
ments. The sources of errors are considered here in terms of how they 
a f fe c t  the measurement of gas v e lo c ity ,  temperature, pressure and compo­
s i t io n .
1. Measurement of Gas Velocity
a. Local Gas Flow
The probe used to measure gas ve lo c it ie s  is  the p i t o t  
tube. There is  the standard p i t o t  tube and the reversed (o r type - S) 
p i t o t  tube.
(1) Standard P ito t  Tube: The standard p i to t  tube is
useful fo r  measuring ve lo c it ie s  down to 10 f t /s e c  where a very good 
slope gauge or micromanometer is required [2 , 17]. Below th is  v e l o c i t y  
the d i f fe re n t ia l  pressure becomes too small (-AP~0.02 in .  H^O) to read 
accurately under stack flow conditions. F i f t y  equivalent diameters of
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pipe upstream of the p i to t  tube are recommended fo r  accurate measure­
ment [17] but f iv e  or more equivalent diameters are usually s u f f ic ie n t  [2 ] .
Non-parallel flow or misalignment o f the probe head 
can also re su lt  in ve loc ity  errors. In order to check fo r  non-para lle l
flow the p i t o t  tube head is  t i l t e d  through a 20° angle and i f  the ( -A P )
changes by more than 33 1/3% then there is non-para lle l flow [2 , 23].
Dead spaces, where the A P  equals zero and regimes of reversed f low ,
where the A  P is  pos it ive  should be avoided [43].
There w i l l  generally be an e rro r o f less than 1% in 
the ve lo c ity  determination fo r  misalignment angles up to 10° [16 ]. The 
e l l ip s o id a l nose head (Figure 5.1) is  recommended over the hemispherical 
nose p i to t  tube when the f low lines are not p a ra l le l  to the axis of the 
f lu e  [2 ] .  See Table 5.1. The e l l ip s o id a l  nose p i to t  tube may be em­
ployed fo r  determining the d irec tion  of the f low lines re la t iv e  to the 
axis of the f lu e ;  and the component of the gas ve loc ity  p a ra l le l  to the 
axis provided the angle of yaw is less than 30°.
Pulsating flow leads to reading errors in  the mano­
meter used in  conjunction w ith the p i t o t  tube. Ower [46] has found tha t 
sinusoidal ve lo c ity  f luc tua tions  o f t  25% above the mean resulted in  an 
indicated ve loc ity  1-1/2% high; fo r  ±50% fluc tua tions  the ve lo c ity  
reading was 6% high.
When the la rger p i t o t  head cannot be inserted in to  
the stack (especia lly  fo r  th ick  walls) a short-headed p i t o t  tube may be 
used w ith ^ 1 /2 %  e rro r in  ve lo c ity .  Stainless steel construction is 
recommended fo r  the p i to t  tube head and stem. The stem of the tube 
should have the same outside diameter (O.D.) fo r  at least 8 diameters
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and i t  should be connected to  the head e ith e r as a r igh t-ang le  j o in t  
or by a bend o f radius not greater than 3 diameters. The stem should 
be s u f f ic ie n t ly  r ig id  so tha t no sag or bend occurs [ 2] .
14 D
6 D 1P_
.RADIUS UP TO 3D
7 HOLES, %  DIAMETER IN OUTER TUBE
0-42SD
O-42S0
2DD » OUTSIDE DIAMETER
MAJOR SEMI-AXIS 2D 
MINOR SEMI-AXIS 0-42SD
Figure 5.1 E ll ip so ida l Nose P i to t  Tube [2 ]
d/ 2 RADIUS
14 D
6  0
RADIUS UP TO 3D
7 HOLES, D/0 DIAMETER IN OUTER TUBE
D «  OUTSIDE DIAMETER
Figure 5.2 Hemispherical Nose P i to t  Tube [2 ]
When the stack ve lo c ity  f a l l s  below 10 f t /s e c  an 
anemometer can be used. Normally th is  is  the vane type described in  
Perry 's [47] w ith a range o f 2 to 40 f t /s e c .  For ve lo c it ie s  below 
2 f t / s e c  the bearing f r i c t i o n  a ffects  the meter accuracy and fo r  velo-
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Angle between 
direction of
flow and axis 
o f pitot head
Component of 
gas velocity 
parallel to 
axis of 
pitot head
Ellipsoidal nose Hemispherical nose
Velocity 
given by 
observed 
pressure 
difference
Percentage
error
Velocity 
given by 
observed 
pressure 
difference
Percentage
error
0° 1000 1000 _ 1-000 _
5° 0-996 1 000 + 0 -4 1002 +  0-6
10° 0-985 1 003 +  1-8 1-012 +  2-7
15” 0-967 0-992 + 2 -6 1-020 +  5-5
20° 0-940 0-964 + 2 -5 1-010 +  7-5
25° 0-906 0-917 +  1-2 0-992 +  9-5
30” 0-866 0-854 - 1 - 4 0-972 +  12-2
Table 5.1 E ffec t o f Alignment o f Head of P i to t  Tube With D irection o f 
Flow [2 ]
c i t ie s  above 40 f t /s e c  the bearing load is  too great. High dust loadings 
also can increase the f r i c t io n  in the bearings [17]. The hot w ire anemo­
meter is  ra re ly  used as probe corrections are required a t elevated 
temperatures fo r  gas heat capacity and v isco s ity .  Erroneous readings 
also re su lt  when mists or l iq u id  droplets are present.
Flow investigations have been made using a therm­
is to r  in the range o f several cm/sec to approximatley 20 m/sec w ith an 
accuracy oft3 -l/2%  [48].
(2) Reversed (o r Type S) P i to t  Tube: The type S p i to t
tube is used when stack gases are nearly saturated w ith condensables or 
there are heavy dust loads. Under these conditions f lu c tu a t in g  readings 
re s u lt  due to plugging o f the p i to t  tube openings with dust or l iq u id ,  or 
holdup of the l iq u id  in the p i to t  l in e  tubing. One so lu tion  to th is  
problem is  to  use purged a i r  l ines [17] but normally the reversed p i t o t  
tube is  employed. This type S p i to t  tube has larger openings (see Figure
5.3) so tha t plugging can be delayed fo r  a considerable time period.
The flow c o e f f ic ie n t  fo r  the reversed type p i t o t  tube
l ie s  between 0.84 and 0.87 and ca l ib ra t io n  is  required against a standard
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TUBING ADAPTER 
PIPE'COIIPI ING
Figure 5.3 Type S P ito t  Tube [1 ] 
p i to t  tube or other acceptable standard [16, 17], The Alnor Duct Jet 
[49] is  another double p i t o t  tube which has been used in conjunction w ith 
a velometer to  measure gas flows under heavy dust loadings, 
b. Total Gas Flow
The to ta l gas flow ra te in  the stack is  determined 
normally by in tegra ting  the local v e lo c it ie s  over the duct area. In 
order to obtain data with the proper weightings, the duct is  divided up 
in to  a number o f equal areas.
The equal area method always gives a calculated mean 
ve lo c ity  on the high side since the area assumed fo r  flow exceeds the 
actual area by a small amount (the zero ve lo c ity  in  the boundary layer 
at the duct wall is  neglected). From theore tica l ve lo c ity  d is t r ib u t io n  
in a long, s t ra ig h t ,  c y l in d r ic a l  duct, a 10-p o in t traverse on a s ing le  
diameter gives a mean ve lo c ity  high by 0.3%. A 20-point traverse on a 
s ing le  diameter reduces the theore tica l e rro r to 0 . 1% on the high side 
[17 ].
I f  50 equivalent diameters o f s t ra ig h t  pipe precede the 
sampling loca tion , the mean gas ve loc ity  can be predicted from the 
center point v e lo c ity ,  the Reynold's number and Figure 5.4. This method 
can be used provided the NRg is less than 2,000 or greater than 5,000.
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Figure 5.4 Ratio o f Duct Average Velocity  to  Center Line Ve loc ity  Versus 
Reynold's Number fo r  Smooth C ircu la r Ducts
For large stacks, when gas flow f luc tua tes widely and ne ither p i to t  tube 
or anemometer are accurate, to ta l  gas flows can be obtained by chemical 
means (the to ta l  input of some constituent and f lu e  gas analysis, v iz .
CC>2 in a fo s s i l  fue l power p lant) [ 1] .
A large e rro r can re su lt  in the to ta l gas flow i f  the 
duct area is  not corrected to  account fo r  buildup of dust on the in te r io r  
o f the stack or f o r  stack re frac to ry  l in in g .
Rate meters ( o r i f i c e ,  v e n tu r i ,  e tc . )  can be employed in 
small stacks or when very high v e lo c it ie s  or pressures are encountered. 
The errors associated with these instruments are discussed in  Section 3 
(b) o f th is  chapter.
2. Measurement o f Gas Density
I t  is  common practice to  ca lcu la te  the actual gas density from 
measurements of the temperature, pressure and chemical composition o f the
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flowing stream.
a. Temperature Measurement
The measurement o f the dry bulb stack gas temperature is 
normally not d i f f i c u l t  and can be carried out w ith conventional in s t ru ­
mentation (thermocouple and potentiometer, pyrometer, resistance bulb, 
e tc .)  In addition an e rro r of 20°F resu lts  in  a 1% e rro r in the gas 
ve lo c ity  or so lids concentration [2 ] .  An explanation of the operation 
o f these temperature measuring devices, th e i r  applicable ranges and 
approximate accuracy is given in References [47,50]. Most temperature 
probes are at least accurate to  ±1/2% of f u l l  scale. However, measure­
ment o f the wet bulb temperature is  more d i f f i c u l t  especia lly when the 
stack gas temperature exceeds 212°F or 15% moisture by volume.
Errors believed to  be associated with stack temperature 
measurements fo r  wet and dry bulb are discussed here. Errors usually 
re su lt  under the fo llow ing conditions:
i .  When appreciable temperature va r ia t ion  exists 
across the f lu e  due to  poor mixing resu lt ing  at low stack v e lo c i t ie s ;  
fo llow ing closely a f te r  an operation which resulted in a temperature 
change or fo llow ing a po in t where two (o r more) gas streams at d i f fe re n t  
temperatures are united. I f  i t  is suspected tha t an excessive temper­
ature d i f fe re n t ia l  ex ists across the measured cross-section, a thermo­
couple should be attached to  the end o f the p i t o t  tube so tha t the 
temperature at each te s t  po in t is  recorded w ith the ve lo c ity  head [3 ,23 ],
i i .  At temperatures above 700°F where rad ia tion  
errors become s ig n if ic a n t .  For example rad ia tion  errors with unshielded 
pyrometers can re su lt  in an underestimate o f 100°^ or more fo r  a f lu e
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gas temperature of 1000°F [2 ] .  Of course fa lse  high readings could also 
be obtained when radiant heating fa l l s  on the dry (or wet) bulb.
i i i .  Errors can re su lt  when the sensing element is 
inserted in the stack a t a depth d i f fe re n t  from c a l ib ra t io n  immersion 
depth.
iv .  The corrosion cha rac te r is t ics  o f thermocouples 
should be checked [47] when chemical reactions between po llu tan ts  and 
probe are possible.
v. Cyclic p lan t operating conditions can re su lt  
in cy c l ic  temperatures making the tra ns ien t response of the measuring 
device an important variab le . The speed of response is affected by 
thermal wells and/or the buildup of s t icky  dust on the probe. The 
trans ien t response cha rac te r is t ics  o f each device would have to be 
investigated separately [50].
In addition to the above sources of e rro rs , wet bulb 
temperatures are affected by the fo l low ing :
i .  Solid pa rt icu la tes  in  the gas stream impacting 
on the wet bulb w i l l  cause a reading e rro r i f  the p a rt ic le s  are water 
soluble. Then a so lu tion  of the pa rt icu la tes  w ith a (possib ly large) 
d i f fe re n t  vapour pressure than water i t s e l f  w i l l  re su lt .  For non-water 
l iq u id  pa rt icu la tes  and mists th is  e rro r is  even more important [17,21],
i i .  At duct temperatures above 212°F i t  is  not
possible to determine the wet bulb temperature eas ily  as a saturated gas
f i lm  is d i f f i c u l t  to produce around the wet bulb. In th is  case a sample 
o f the stack gas is aspirated through a sampling pipe where i t  is  cooled
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
below 212°F, See Figure 5.5. When the gas cooler is  employed i t  is 
important to  ensure that the asp ira ting rate is  constant, thermal 
equilib rium  is  reached and no condensation occurs [3 ] .  For a lte rna te  
methods o f measuring humidity using in frared absorption, gas chromato­
graphy, e tc . ,  consult Section D of th is  chapter.
FLUE WET BULB 
THERMOMETER
DRV BULB __
THERMOMETER
RUBBER STOPPER
V  STD. STEEL PIPE - . EJECTOR
-  3i "  STD. TEE
LENGTH O f PIPE ADJUSTED 
TO COOL GASES TO DESIRED 
TEMPERATURE
Figure 5.5 Gas Cooler fo r  Reading Dry and Wet Bulb Temperature [1 ]
b. Measurement o f S ta t ic  Pressure and Pressure Drop
The stack s ta t ic  pressure is  often very close to  atmos­
pheric pressure and the assumption of one standard atmosphere (equal to 
407 in . water) w i l l  re su lt  in only a 1% e rro r  in gas ve lo c ity  or so lids 
concentration [ 2 ] .
Measurement o f stack pressure is normally made using the 
s ta t ic  pressure side of the p i t o t  tube in conjunction w ith  a manometer. 
However,extreme ambient temperatures can a f fe c t  the density o f the
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l iq u id  in the d ra f t  gauge and can even make i t  congeal [3 ] .  A lte rn a te ly ,  
other conventional pressure measuring devices (Bourdon tubes, bellows, 
transducers, e tc .)  can be employed w ith an e rro r less t h a n T l / 2% of f u l l  
scale reading [50]. When cy c l ic  pressures are encountered the dynamic 
response of the sensing element becomes an important var iab le . In these 
cases i t  is often the response of the pressure-transm itting f lu id  and the 
connecting tubing which is c r i t i c a l  so tha t each pressure measuring 
arrangement would have to be investigated in d iv id u a l ly .
The pressure drop associated w ith a p i t o t  tube or rate 
meter measurement is normally done w ith an inc lined  manometer. The 
manometer should be o f the inc lined type graduated to 1/ 100- in .  of water 
[4a, 24] so tha t pressure drops of 1 /50-in . o f water can be measured 
(corresponding to  a p rac tica l lower l im i t  o f 10 f t /s e c  fo r  the stack 
v e lo c ity ) .  D if fe re n t ia l  pressure transducers id e a l ly  suited fo r  dynamic 
measurements also have an output su itab le  fo r  continuous recording and 
should be used more in the fu tu re . One or two f lu e  pressure measure­
ments are usually adequate unless the measurement is near the discharge 
end of a fan where several readings must be taken [3 ] .
c. Measurement o f Gas Composition
The errors associated w ith a determination of the composi­
t io n  of the stack gas are discussed in Section V.D. o f th is  report.
C. Sampling and Analysis fo r  Particu la tes
The errors associated w ith the sampling and analysis fo r  pa rt icu la tes  
are discussed under the fo llow ing major headings:
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i . Method o f sampling
i i . Sampling s i te
i i i . Number of sampling points
iv . Sampling time per po int
V . Total sampling time
v i . Sampling nozzle-probe assembly
vi i . Po llu tan t co l le c t io n  devices
vi i i . Gas metering devices
ix . Gas pumps, and
x. P a rt ic le  size determination
The acqu is it ion  o f a t r u ly  representative sample o f stack gas 
fo r  analysis requires careful thought, care and experimentation [17 ].
A sample to  be "representative" must have a gas density equal to the 
average gas density o f the cross-section o f the stream; contain a 
po llu tan t concentration equal to  the average po llu tan t concentration 
o f the cross-section of the parent stream; be separated from the parent 
stream without creating a disturbance and; no physical or chemical 
changes in the po llu tan ts  co llected from the gas sample should occur 
tha t w i l l  a l te r  th e i r  nature or composition from tha t which existed 
at the po in t o f ex trac tion  during the sampling period [16].
A l l  errors associated w ith the sampling t ra in  are discussed as they 
re la te  to  the ind iv idua l components and accessories. A typ ica l a i r  
sampling t ra in  is shown in Figure 5.6 and consists o f the fo llow ing major 
components:
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PressureTempera ture
S a m p le  c o l l e c t i o n
Flow
Control,Sample
Sample 
ConditioningI n l e t *
Trap
Conditioning Devices
FiIter
Water Saturator
Vacuum pumps
Metering
Devices
Vacuum
S o u r c e
c
Collection
Equipment
3. Drier
4. Chemical reaction 
in a bed of solids
L
Gases Rate Measurement
or liquid bubbler 1. Adsorption tubes 1 Orifice (critical flow)
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1. Method o f Sampling
a. Incremental
The incremental method o f sampling is recommended fo r  
beginners as i t  is  easier to  spot mistakes. Research investigators also 
p re fe r th is  method as i t  gives information on the r e l i a b i l i t y  of the 
average [ 2] .
b. Cumulative
The cumulative method o f sampling is recommended fo r  
b e tte r  accuracy in determining p o l lu ta n t concentrations [16 ]. However, 
is is not p rac tica l where skewed d is tr ib u t io n s  o f  ve lo c ity  and p a r t icu ­
la te  concentrations are encountered [1 ] ,  The whole te s t  must be re je c t ­
ed i f  any one ( 1 ) sampling increment is incorrect (v iz .  due to  mis­
timing or f i l t e r  blockage). When sampling cumulatively the product of 
the duration of sampling and area o f the nozzle must be the same fo r  
each increment [ 2 ] .
2. Sampling S ite
Hawksley e t. al [2 ]  have given an exce llent discussion of the 
errors associated w ith sampling s ites  and sampling times. This d is ­
cussion here is  essen tia l ly  a precis o f  th e i r  work. The accuracy of 
the stack sample measurement depends upon the proper choice o f sampling 
po ints. The major considerations are to f in d  a location where there 
are symmetrical and s im i la r  patterns o f flow fo r  so lids and gases, and 
the flow d ire c t ion  is  pa ra lle l to the axis o f the f lu e .  These f 1 w
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patterns are affected by both upstream and downstream disturbances.
The flow patterns fo r  so lids and gases have been found to be 
s im ila r .  Figure 5.7 demonstrates th is  fa c t  fo r  p ro f i le s  obtained a f te r  
the merging of two streams before a r igh t-ang le  bend. Differences in 
the patterns w i l l  depend upon the size d is t r ib u t io n  o f p a r t ic le s ,  the 
f lu e  gas v e lo c ity ,  and the abruptness o f the flow change upstream.
Availab le data are not s u f f ic ie n t  to obtain an empirical co rre la t ion  in 
terms o f these variables. The differences in flow and solids d i s t r i ­
butions are enhanced fo r  la rger p a r t ic le  diameters, higher gas velo­
c i t ie s  and smaller radius o f curvature upstream. When there is  not a 
large amount of g r i t  present, approximately 3 to 5 equivalent d ia­
meters are s u f f ic ie n t  to establish to le rab le  un iform ity  in  the p ro f i le s .
The ve r t ica l ra ther than the horizontal tends to give more uniform and 
symmetrical d is t r ib u t io n s .
Some o f the more common upstream disturbances and th e i r  e ffec ts  
are summarized below in po in t form.
i .  With sharp bends a t high v e lo c i t ie s ,  the gas 
flow may separate fo r  one or two equivalent diameters. Flu id in the dead 
space tends to c irc u la te  in  a large eddy. Gentler bends give less 
cen tr ifug ing o f the so lids .
i i .  The junction  o f two flues should be treated as
a r ig h t  angle bend.
i i i .  Sampling is  permissible immediately a f te r  
louvre or b u t te r f ly  dampers i f  they are f u l l y  open.
iv .  Sampling s ites  in  round ducts are preferred over 
rectangular ducts as rectangular ducts tend to have a less uniform contami-
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Figure 5.7 Flow Patterns fo r  Solids and Gases [2]
nant concentration across the flow area [ 22] ,
v. Sampling is permissible in divergent and 
convergent flues unless the included angle o f the walls is  more than 
60°. Converging flues tend to produce more uniform d is t r ib u t io n s .  
Separation may occur fo r  flues diverging too rap id ly  or a f te r  damper 
blades.
v i .  Mass flow is  concentrated in an annul us near 
the wall in a he lica l flow a f te r  the e x i t  ducting from cyclone type gas 
cleaners. Helical flows may re su lt  also when the f lu e  gas passes from
a smaller f lu e  in to  the side of a la rger one.
v i i .  There can be steep gradients i f  so lids flow 
immediately a f te r  a fan.
Systematic errors are smaller fo r  a given number o f sampling
points i f  a sampling pos it ion  is  chosen where the so lids are more un i-
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formly d is tr ib u te d  over the f lu e  flow area. For th is  reason the selected 
sampling s i te  should be as fa r  downstream of the flow disturbance as is 
p ra c t ic a l ly  possible. Sansone [51] recently performed an experimental 
study to evaluate a sampling procedure (4 points along each of 3 d ia­
meters 60° apart) used fo r  the quan t ita t ive  determination of the mass 
flow of so lids downstream of a 90° bend. Using 25-micron glass spheres 
he found tha t the average concentrations measured under ideal laboratory 
conditions were in e rro r by as much as 25% at downstream distances of 16 
equivalent diameters. The erro r was greatest at the higher stack velo­
c i t ie s  and w ith the sharper elbow. These resu lts  show tha t fo r  highly 
skewed p a r t icu la te  d is tr ib u t io n s  the assumption tha t the concentration 
at the center o f a segmented area equals the average concentration through­
out the e n t ire  area can re su lt  in serious e rro r.
3. Number o f Sampling Poin ts
Once the sampling s i te  has been chosen, the f lu e  area is usu­
a l ly  divided in to  a number o f imaginary equal areas and the sample made 
up of increments taken from the center po in t of each imaginary area.
The greater the number of areas, the more accurate the measurement w i l l  
be. (Remember though tha t the number o f sampling points is  not the only 
fac to r a ffec t ing  the accuracy of measurement).
In order to obtain a representative sample, the mass flow of 
pa rt icu la tes  per un it  area o f the sampling probe must be equal to the 
average fo r  the whole imaginary sub-area mentioned previously. Fortu­
n a t e l y ,  the  solids flow pattern is usually simple in broad ou tl ine  w ith 
the mass flow fa l l in g  to  lower values near the wall from a s ing le  region 
o f high flow [2 ] .  For th is  reason a re la t iv e ly  small number of sampling 
points is s u f f ic ie n t  to  obtain reasonable accuracy. In Table 5.2 an in -
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Number of 
sampling 
points
Range of bias expressed as 
percentage o f true value
95 % confidence 
limits o f bias 
expressed as
Number o f  
degrees
o f
Over-estimate Under-estimate percentage of true value
freedom
Single point at 
centre of flue
+  15 - 3 7 +42 13
4 points +  9 -  9 ±13 13
8 points +  5 -  4 ±  5 0 13
9 points +  3 -  3 ±  3-9 13
Table 5.2 Magnitude of Bias Due to Sampling at a F in ite  Number o f 
Sampling Points [2]
d ica tion  o f the magnitude o f bias due to sampling at a l im ite d  number 
o f points is summarized fo r  flow patterns found a t a number of so l id  
fuel power plants with rectangular f lues . Results fo r  c i rc u la r  flues 
are believed to be s im i la r  [ 2 ] .
The magnitude o f the e rro r is dependent upon the pattern of 
mass flow. The e rro r a r is ing  from the use o f a f i n i t e  number o f sampling 
points is a systematic bias and i t  cannot be reduced or eliminated by 
repeating the measurements at the same set of sampling points [ 2] ,
Table 5.3 reproduced from Hawksley et. al [2 ]  gives an in d i ­
cation of the estimated accuracy of mass flow measurement based upon a 
considerable number o f tes ts . This table indicates tha t the accuracy of 
measurement improves slowly a f te r  8 increments; the accuracy is determin­
ed by the period o f sampling ava ilab le , and the accuracy increases as the 
number of sampling points becomes la rger.
i .  Deduced from 95% confidence l im i ts  fo r  a single
increment.
i i .  For a known or suspected substantia l b ias, the
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Number
o f
increments
[1]
Number o f  
sampling points 
( and number of  
repeat incre­
ments taken 
at each pointJ 
[21
95 % confidence limits 
o f average mass flow
Minimum
i
[3]
Average
i i
[4]
Maximum
i  i  i 
[5]
1 centre ( x  1) ±19 ±48 ±63
4 centre (x 4 ) ±  9-5 ±45 ±54
4 ( X I ) ±15 ±21
8 centre ( x 8) ±45 ±51
4 (x 2 ) ±  6-7 ±13 ±18
8 ( x l ) ±  8-7 ±12
9 centre ( x 9) ±  6-3 ±44 ±5 0
9 ( x l ) ±  8 0 ±11
16 4 (x 4 ) ±12 ± 1 6
8 (x 2 ) ±  4-8 ±  7-3 ±1 0
16 ( x l ) ±  5-6 ±  7-6
24 4 (x 6 ) ±12 ±15
6 ( x4) ±  8-3 ±11
8 (x 3 ) ±  3-9 ±  6-7 ±  9-4
12 (x 2 ) ±  5-4 ±  7-6
24 ( x l ) ±  4-3 ±  5-7
Table 5 . 3  Estimated Accuracy of Measurement of Mass Flow [2 ]
maximum bias l ik e ly  to arise (with p ro b a b i l i ty  0.95) with the number of
sampling points used should be added to the minimum 95$ l im i ts  to  give 
the maximum range.
i i i .  Obtained by taking the root mean square of the 
two 95% l im i ts  fo r  random and systematic errors.
4. Sampling Time per Point
The duration o f sampling at each increment also a ffec ts  the
accuracy of sampling. The duration should be chosen s u f f ic ie n t ly  short
enough to include a l l  s ig n i f ic a n t  peaks which may occur, but long enough 
to c o l le c t  a detectable amount of p o l lu ta n t [13, 16, 17]. The maximum 
possible sampling time per po int is set by prac tica l considerations. Min­
imum times are affected by the s ig n i f ic a n t  concentrations to be encount­
ered, the permissible rate o f sampling, and the l im ita t io n s  of the
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ana ly t ica l procedure to be employed [17].
Random errors arise due to a l im ited  sampling time since the 
flow of so lids at a point f luc tua tes  above and below the average. Ten 
minutes is  the recommended sampling duration [ 2]  to accomplish e f fe c t ive  
damping.
In addition to the normal tu rbu lent flow f lu c tu a t io n s , cy c l ic  
p lant conditions can set up additional flow o s c i l la t io n s .  However, 
unless there is a co rre la t ion  between time va r ia t ion  and d is t r ib u t io n  
over the f lu e  flow cross-section, p lant conditions w i l l  not a f fe c t  the 
accuracy of the measurement. Errors resu lt ing  from an accidental cor­
re la t io n  a re ,in  general, neg lig ib le  with respect to other sources o f 
errors [ 2 ] .
There can be appreciable random errors of t  20% fo r  each incre' 
ment when sampling durations o f 5 to 10 minutes are used w ith probes 
occupying 1/300 to 1/100 sq. f t .  [2 ] .  However, the mass flow measure­
ment errors are smaller fo r  several increments since the e rro rs , being 
random, tend to  cancel each other. For a sample composed of 4 or 5 
increments the e rro r  is  reduced to i  10% and ± 6-1/2% fo r  8 or 9 inc re ­
ments [ 2] .
5. Total Sampling Time
That the to ta l  sampling time is  an important variable fo llows 
lo g ic a l ly  since both the number o f points and the duration of sampling 
a t each po in t a ffe c t  the accuracy of the measurement. By s e t t i n g  a to ­
ta l  sampling period, only a l im ited  number of increments can be taken 
since the duration of each increment sample cannot be reduced to less 
than 5-10 minutes without unduly increasing the experimental errors
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ar is ing  from the Sma1! mass o f so lids co llec ted. For incremental sam­
ples of th is  duration the random erro r is  approximated to  be ± 20/VTT % 
where n equals the number o f incremental samples [2 ] .  Table 5.4 sum­
marizes the estimated overa ll accuracy of mass flow measurements fo r  
to ta l  sampling periods ranging from 10 minutes to 4 hours.
Number of 
increments
Sampling
period
Procedure for taking 
10-minute increments 
from sampling points
Estimated 
accuracy o f  
mass flow 
(% )
1 10 minutes 1 increment taken from centre of 
flue
±48
4 45 minutes 4 increments taken from centre of 
flue
I increment taken from each of 
4 sampling points
±45
±15
8 11 hours 8 increments taken from centre of 
flue
2 increments taken from each of 
4 sampling points 
1 increment taken from each of 
8 sampling points
±441
±13
±  81
16 2 i  hours 4 increments taken from each of 
4 sampling points 
2 increments taken from each of 
8 sampling points 
1 increment taken from each of 
16 sampling points
±12  
±  7} 
±  51
24
i ...
4 hours 6 increments taken from each of 
4 sampling points 
4 increments taken from each of 
6 sampling points 
3 increments taken from each of 
8 sampling points 
2 increments taken from each of 
12 sampling points 
1 increment taken from each of 
24 sampling points
±1 2  
±  81 
±  61 
±  51
!
±  41
Table 5.4 Estimated Overall Accuracy of Mass Flow Measurement [2 ]
The overa ll e r ro r  is greatest i f  a l l  increments are co llected 
from a s ing le  sampling s i te ,  and a minimum when each increment is  co l­
lected from d i f fe re n t  sampling s ite s .  These estimates were based upon 
the analysis of experimental data [ 2] .
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6 . Sampling Nozzle-Probe Assembly
Anything tha t causes the gas to change d irec t ion  during the 
acqu is it ion  of the sample can re su lt  in sampling errors . The sampling 
nozzle and probe assembly which extends in to  the duct at r ig h t  angles 
to the gas flow introduces a flow disturbance. For th is  reason the 
probe stem is normally bent upstream so tha t the nozzle is  ahead of the 
induced turbulence.
a. Nozzle Design
The nozzle used to  extrac t the sample should have a th in ,  
tapered edge. See Figure 5.8 fo r  some commercially ava ilab le  probe de­
signs. When the f ro n ta l edge of the nozzle is  not sharp there are two 
possible e ffec ts  [ 2 , 16]:
i .  The p a rt ic le s  may be deflected by the d is ­
turbed streamlines.
i i .  Some p a rt ic le s  i f inging on the blunt edge 
may bounce in to  the nozzle.
For sampling solids of g r i t  i  id soot the streamline de­
f le c t io n  has a minimal e f fe c t .  For dust, i f  the area o f the nozzle edge 
is  less than 1/5 the area o f the nozzle, there is also a ne g lig ib le  
e f fe c t .
P a rt ic le  impingement caused minimal e rro r fo r  f in e  par­
t ic le s .  A square edge nozzle with th in  walls was found to co l le c t more 
p a r t i c l e s  than expected ,  but  an experiment [ 5 2 ]  in d i c a t e d  t h a t  less  than  
one-half the number of pa rt ic le s  h i t t in g  the f ro n t  edge were captured.
I t  appeared tha t the gas moving towards the edge is deflected ra d ia l ly  
outwards and tends to carry the pa rt ic le s  outwards w ith  i t .  Thus, only
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Figure 5.8 Commercial Stainless Steel Sampling Probes [1 ]
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those impinging very close to the nozzle opening bounce inside [2 ] .  I f  
the nozzle is chamfered outside so tha t the p a rt ic le s  rebound away from 
the nozzle opening, then there is ne g lig ib le  ove r-co llec t ion  of pa rt ic le s  
(inc lud ing coarse dusts) [53].
For large diameter probes or low gas v e lo c it ie s  some par­
t ic le s  may s e t t le  in  the probe i t s e l f .  A lte rn a te ly ,  too high a velo­
c i ty  in the probe coupled w ith sharp turns in the stem can lead to  im­
paction o f "s t icky  pa rt icu la tes" in the probe assembly [16, 17, 54]. 
Adequate means should be provided fo r  reclaiming pa rt icu la tes  deposited 
in  the tubing. The temperature of the gas stream should be maintained 
above the dew point temperature to  e lim inate cooling or condensation in 
the sampling lines which could absorb a portion of the pa rt icu la tes  or 
lead to errors in gas flow rates through the probe [13, 14].
The nu ll probe can be in e r ro r ,  p a r t ic u la r ly  fo r  duct 
ve lo c it ie s  less than 1000 f t /m in ,  due to  differences in inside and out­
side tube turbulence, f r i c t i o n  loss differences and the design and lo ­
cation of s ta t ic  holes [17, 28].
b. Non-Isokinetic Sampling
Systematic errors o f appreciable magnitude can arise from 
non-isok inetic  sampling especia lly fo r  co l le c t io n  o f p a rt ic le s  in the 
5 to 80 micron diameter range. Solids not co llected is o k in e t ic a l ly  w i l l  
not have a size d is t r ib u t io n  corresponding to  tha t in the f lu e  gas [52 ], 
Errors associated w ith an isok ine tic  sampling depend upon the size and 
density of the p a r t ic le s ,  the degree of departure from is o k in e t ic  condi­
tions and the ve lo c ity  o f the gas stream in the duct [2 , 17, 54, 55, 60].
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In g e n e r a l , when
suction ve lo c ity  = f lu e  gas ve lo c ity  no erro r
suction ve lo c ity  > f lu e  gas ve lo c ity  so lids too high
suction ve lo c ity  < f lu e  gas ve lo c ity  solids too low
For the coarse g r i t  p a r t ic le s  and f in e  soot pa rt ic les  
there are small errors. The coarse p a rt ic le s  are not read ily  deflected 
and the e rro r in  measuring the mass flow o f g r i t  is  only a very small 
f ra c t io n  of the e rro r in se tt ing  the sampling ve lo c ity  to the f lu e  gas 
ve lo c ity .  Fine soot pa rt ic le s  fo llow  the deflected gas steam and, con­
sequently, the concentration of soot at any sampling po in t can be ob­
tained without iso k in e t ic  sampling, provided i t  is  calculated from the 
weight co llected and the volume of the sampled gases [13, 16, 52]. In 
add it ion , soot is normally dispersed by turbulence uniform ly over the 
cross-sectional area so tha t the concentration (but not the mass flow) 
is  the same everywhere [ 2] .
At stack ve lo c it ie s  less than approximately 12 f t /s e c  
i t  is  d i f f i c u l t  to  maintain iso k in e t ic  sampling conditions.
(1) E ffec t of Sampling Veloc ity  D if fe r in g  From Flue Gas 
Veloc ity :
As noted e a r l ie r ,  departure from is o k in e t ic  sampling 
conditions resu lts  in n e g lig ib le  e rro r  fo r  some cases. In add it ion , 
Badzioch [52] has derived the fo llow ing expression to assess the errors 
resu lt ing  from an isok ine tic  sampling in  terms o f the qu a n t ita t ive  e f fe c t  
o f  the sampling v e l o c i t y ,  , being d i f f e r e n t  f rom the lo c a l  f l u e  v e l o ­
c i t y ,  V.
(apparent mass flow/unit area) ^s 'js + ^
(true mass flow/unit area) ~ m = (1 " **0 V
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va lid  fo r  1 /2  -c _^ s ^ 4 
V ~
where
oC= f ra c t io n  o f the so lids not carried with the f lu e  gases which are 
deflected from th e i r  o r ig in a l path 
(1 -«■) = f ra c t io n  of the solids carried by the deflected gases
When sampling is is o k in e t ic ,  Vs = V and ms = m. For 
non-isok ine tic  sampling Vs V V and the apparent mass flow is in e rro r. 
From d ire c t  measurements on the so lids contained in f lu e  gases the 
fo llow ing approximate values fo r  oC were obtained [56 ]:
Solids o C .
g r i t 1
dust 0.5
soot 0
Thus, fo r  coarse pa rt ic les  ms = m and fo r  soot (or the eas ily  deflected
p a r t ic le s )  ^  ^s and the concentration o f solids in the sampled 
m V
stream equals the concentration in the f lu e .  Rearrangement o f the pre­
vious equation gives an expression fo r  the fra c t io n a l e r ro r  in mass flow:
mg - m = (1 - < c ) Vs - V 
m ~  V ~
which is a systematic e rro r due to an isok ine tic  sampling. Figures 5.9 
and 5 .1 0  g r a p h i c a l l y  i l l u s t r a t e  e r r o r s  a ss o c ia te d  w i t h  a n i s o k i n e t i c  sam­
pling  as a function o f p a r t ic le  diameter [54, 56, 57]. Bloomfield [58] 
has concluded tha t high precis ion correction factors must be prepared 
fo r  each combination of dust s ize , dust density and gas ve lo c ity .
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Figure 5.9a Values o f C/C0 Calculated From the Equation of 
Watson fo r  Spheres o f Unit Density [57]
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Figure 5.10a Errors in Concentration of Partic les Sampled at a Fixed 
Velocity (25 fps) with a Nozzle 1- in . in Diameter [56]
6040  45 50
gas velocity ( ft/ sec)
302 0
150
Figure 5.10b Errors in Mass Flow Rates of Partic les  Sampled at a Fixed 
Velocity  (25 fps) w ith a Nozzle 1- in . in Diameter [56]
However, when th is  high precison is  not required, iso k in e t ic  sampling is 
not essential fo r  p a r t ic le  diameters less than 5 microns and fo r  the size
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d is tr ib u t io n s  of dusts normally encountered, the correction factors 
summarized in Table 5,5 are recommended [17,59].
V alues o f  c /Q o
o   —
U Range T y p ic a l  Value
0 .6  0 .7 5 - 0 .9 0  0 .8 5
0 .8  0 .8 5 - 0 .9 5  0 .9 0
1 .2  1 .0 5 - 1 .2 0  1 .1 0
1 .4  1 .1 0 - 1 .4 0  1 .2 0
1 .6  1 .1 5 - 1 .6 0  1 .3 0
1 .8  1 .2 0 - 1 .8 0  1 .4 0
Where U i s  the  stream  v e l o c i t y  a t  the  sam pling p o in t
V i s  the  mean v e l o c i t y  a t  cne sam pling o r i f i c e  (U0/tJ 
1 fo r  i s o k i n e t i c  sam pling)
C i s  the measured c o n c e n tr a t io n  o f  p a r t i c u l a t e s  
CQ i s  the tru e  c o n c e n tr a t io n  o f  p a r t i c u l a t e s
Table 5.5 Correction Values fo r  Anisokinetic  Sampling Rates [17]
(2) E ffect of Sampling Nozzle Size: The parameter oc
used previously is a function of p a r t ic le  in e r t ia  and the gas flow 
pattern at the nozzle. Badzioch [56] proposed a s im p li f ie d  expression 
fo r  °c :
oc = [l-exp (-L/A) ] /  (L/A)
where A = vV/g is the range in  cm. defined as the distance a
p a r t ic le  would trave l before coming to re s t ,  i f  projected in to  s t i l l  gas 
w ith a ve lo c ity  (V, cm/sec) equal to that of the gas stream. Here v is 
the free f a l l  ve lo c ity  o f the p a rt ic le s  which, in the Stoke‘ s Law range, 
g i ves
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A = (r-j>) d2 V 
18 ^
where
^  = density of p a r t ic le  (gm/cm^ )
5> = density of gas (gm/crn^ ) 
d = p a r t ic le  diameter (cm)
^  = absolute gas v iscos ity  (poise)
The length term, L (cm), is representative of the distance upstream of the 
nozzle over which there is a disturbance of the gas stream. Experimental 
data has shown L to be dependent on the diameter of the nozzle. Approxi­
mate values of L are given in Table 5.6 fo r  nozzle diameters of 3/8 in . 
Figure 5.11 demonstrates the va r ia t ion  ofocvs. A with nozzle diameter 
as a variab le . Notice tha t the upstream disturbance decreased as the 
nozzle diameter was increased. Probe diameters of up to  1-1/2 in . are 
recommended fo r  sampling f l y  ash even i f  iso k in e t ic  sampling conditions 
cannot be maintained [55 ].
(3) E ffec t of Probe Misalignment or Non-Parallel Flow [27 ]: 
When the gas and solids move at an angle to  the axis of the nozzle, the 
sampling e rro r  depends upon the p a r t ic le  s ize. For g r i t  p a r t ic le s ,  the 
mass flow w i l l  be correct even though the d irections of so lids and gas 
flow are not the same. For soot, the mass flow w i l l  be correct provided 
the sampling ve lo c ity  equals the component o f gas ve lo c ity  p a ra l le l  to 
the axis o f the f lu e .  However, fo r  dust, i t  is more d i f f i c u l t  to assess 
th is  a f fe c t .  I f  the sampling ve lo c ity  is set equal to the component of 
gas flow pa ra lle l to the axis o f the nozzle and the f lu e ,  the sampling 
w i l l  not be is o k in e t ic  because the component o f dust flow w i l l  not
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Cross-sectional urea
(sq. ft)
1/100 l/ i r -o 1/200 1/300 1/400 —
Diameter
(inches)
1-354 1-106 0-957 0-782 0-677 0-5 0-375
Distance L 
(f t  ±  0-008 ft)
0-016 0 050 0-069 0-093 0-11 0-13 0-15
Table 5.6 Empirical Values of Distance L of Upstream Disturbances 
fo r  D iffe ren t Sizes of Sampling Nozzle [2 ]
2 "h  u  8 iO  12" 16 TK 2Cj  2 2 X T  2 6  2 8  3 0
X -V.Y. ('em,)
Figure 5.11 Values of the Parameter fo r  Nozzles o f Various Diameters
[56]
n e c e s s a r i ly  be th e  same as t h a t  f o r  gas f lo w .  An o v e r -e s t im a te  r e s u l t s  
i f  the so lids are flowing at a larger angle than the gas flow measured 
from the axis of the nozzle. The e rro r  is probably small, up to an 
angle o f  20°. Jackson and Stockham [55] concluded tha t there would be
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ne g lig ib le  errors at even a 30° misalignment based on Watson's data
[57] w ith 37 micron diameter p a r t ic le s .
7. P o llu tan t Collection Devices
There are three major classes o f p a r t icu la te  co llec to rs  in 
general use:
Dry Impingers Freeze-out
Fbrticulate and 1 Traps
Collectors Absorption
Collectors
(Cyclones) (Greenburg-Smith) (Dewar Flask )
(F i l te rs  ) ( Impingers ) ( in  Dry Ice and)
(Acetone )
The c o l le c to r  removes the po llu tan t from the gas stream and re ta ins i t  
f o r  subsequent analysis. At present, there is  a d e f in i te  lack of 
re l ia b le  information concerning co l le c to r  e ff ic iences fo r  various 
sampling ra tes, po l lu tan t concentrations and sampling reagents [17 ].
The sampling and analysis errors associated w ith co llec to rs  are d is ­
cussed here sequentia lly  fo r  each class. See Section 5 of Reference [16] 
fo r  an exce llen t descrip tion of the components and accessories in  a 
p a r t icu la te  sampling t ra in .  In general, the fo llow ing c r i t e r ia  must be 
used when selecting the proper co l le c to r  [16 ].
i .  The c o l le c to r  should be re s is tan t to s tru c tu ra l 
damage due to  heat, attack by p o llu ta n ts ,  c a r r ie r  gas and moisture.
i i .  The co l le c to r  should read ily  release fo r  analysis 
the co llected po llu tan ts  w ithout contamination.
i i i .  The chemical composition o f the c o l le c to r  should 
not in te r fe re  w ith the analysis.
iv .  The f i l t e r  should function e f f i c ie n t l y  at low
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sample rates and not have an excessive pressure drop at a high sampling 
rate.
a. Dry P art icu la te  Collectors
Cyclones, e le c tro s ta t ic  p rec ip ita to rs  ,and f i l t r a t i o n  
devices are three sp e c if ic  types of dry pa rt icu la te  co llec to rs  in 
present use. Often dry pa rt icu la te  co llec to rs  are used in combination 
w ith  other types o f co llec tors  to a l le v ia te  the load of coarse par­
t ic le s  on the remaining portion of the co llec t io n  t r a in .  In th is  
i n i t i a l  report,  the l im ita t io n s  and sources of e rro r w i l l  be l is te d  
in po in t form fo r  each type of dry co l le c to r .
(1) Alundum (Ceramic) Thimbles: This f i l t e r  can be
used at temperatures higher than 1000°F and pressure drops of 25-in. 
o f mercury [13,16,17,42]. Many procedures have been published in 
which the ceramic thimble is maintained at stack temperatures, f r e ­
quently 700°F or higher. However, since sample co l lec t io n  may require 
an hour or more, i t  is  possible tha t the collected p a r t icu la te  matter 
could change i t s  properties due to such high temperatures. I t  is 
recommended, there fore , tha t the f i l t e r  be maintained at temperatures 
o f 300° - 400°F [13 ]. When sampling certa in  types o f dust, th is  
f i l t e r ' s  pressure drop w i l l  increase rap id ly  as the thimble becomes 
coated w ith  dust. This can be remedied by l in in g  the thimble with 
glass wool packing. Some of the dust pa rt ic les  then adhere to  the 
glass wool ra ther than plugging the pores of the ceramic f i l t e r ,  and 
the pressure drop thus increases at a slower rate [24 ]. Where the 
water content of a gas is high, and condensation occurs, alundum 
f i l t e r s  can be oven dried to  th e i r  o r ig ina l water content more
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accurately than paper f i l t e r s  [1 ,  16, 17, 42]. These f i l t e r s  are su itab le  
fo r  pa rt icu la te  co l le c t io n  fo r  weight analysis and are available in 
several poros it ies (dense, coarse, medium grades) [28 ]. I ts  co llec t ion  
e ff ic ie n cy  is a function of the p a r t ic le  size of the material to be 
collected and the porosity  o f the f i l t e r .  Collection e ff ic ie n c ie s  
approach 100% fo r  sizes down to 1 micron but d i f f i c u l t i e s  arise in 
try in g  to remove the pa rt icu la te  collected without contamination [36].
An advantage of th is  f i l t e r  is tha t i t  can be washed and re-used. The 
f i l t e r s  are cleaned of pa rt icu la tes , soaked in hot n i t r i c  acid, rinsed 
w ith water, soaked in hot ammonium hydroxide and rinsed again [32 ]. A 
disadvantage of the alundum f i l t e r  is  i t s  reaction with SO3 in stack 
gases to produce a f i c t i t i o u s l y  high solids content (by as much as 25% or 
more) o f a gas stream [40 ]. F in a l ly ,  the f i l t e r  is su itab le  fo r  
sampling b o i le r  emissions, heaters, inc ine ra to rs , hygroscopic material 
in gases, b las t furnace gases before pre-cooling and has a recommended
gas rate of 2.5 cfm and can hold 1.0 - 1.5 gm. of dust [36 ].
(2) Paper F i l t e r :  Paper f i l t e r s  are used at temperatures
of 220° - 250°F and pressure drops of 4" of mercury [13, 24]. They can 
be used inside stacks at temperatures less than 350°F, otherwise they 
must be used exte rna lly  and heated [1 , 11, 30]. The thimble holder must
be maintained above the dew point temperature of the stack gases to
prevent condensation from occurring on the f i l t e r .  Paper f i l t e r s  can­
not be used to  sample gases where organic or hygroscopic pa rt icu la te  
matter are present since they become wet and tear eas ily . Also, under 
high dust loading conditions, the pores of a paper f i l t e r  plug rap id ly  
and i t  is  d i f f i c u l t  to  remove imbedded p a rt ic le s  from the in te rs t ices  of
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the f i l t e r  [14 ]. These f i l t e r s  are not su itab le  fo r  co l le c t in g  p a r t i ­
culate where exact size analysis is required when the m a jo rity  of dust 
being sampled is below 10 microns [36 ].
Paper f i l t e r s  are l im ited  to  the co l lec t io n  o f large samples of p a r t i ­
culate w ith gas flow rate ranges of 0.5 -  2.5 cfm. At least 1.0 -
1.5 gm. o f dust should be collected so tha t the amount of p a rt icu la te  
trapped in the pores o f the f i l t e r s  is ne g lig ib le . Dust capacities of 
th is  f i l t e r  vary from 0.5 - 0.7 gm. fo r  pa rt ic le s  above 0.1 micron in 
s ize. See Figure 5.12 shown below.
THIMBLE HOLDER 
THIMBLEj^ y V
azz2BU££Z2Jvun t iu t in iX £ .
FOR CONNECTION 
SPECIAL GASKET TO GAS METER
f  STAINLESS STEEL _  STANDARD N07ZLES-
| COUPLING
STAINLESS 
„ STEEL 
SAMPLING 
NOZZLES
U "  I.D.
STAINLESS STEEL 
FILTRATION TUBE
Figure 5.12 Paper F i l t e r  Thimble Holder [1 ]
(3) Glass Wool F i l te rs :  Glass wool f i l t e r s  (see Figure
5.13) can be used w ith hot, damp, or corrosive gases provided tha t the 
stack temperature does not exceed 400°F. I f  a s l ig h t  loss of accuracy 
can be to le ra te d , temperatures up to  750°F can be employed. At th is  
temperature, the f i l t e r  becomes b r i t t l e  and may even f r y ,  thereby con­
taminating the collected p a rt icu la te .  The f i l t e r  is used to sample 
dust in stacks where the concentration o f dust does not exceed 1/20 
g r a in / f t .  and when the m a jority  o f the dust is  above 2 microns in size
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[36 ], This f i l t e r  must be packed in such a way that the f ib res  l i e  
normal to the <?as flow to prevent channeling [16]. Glass wool f i l t e r s  
can be used fo r  p a r t ic le  size and weight analysis, but they are subject 
to  f ra c t iona t idn  which resu lts  in contamination of the dust sample 
co llected [18,20,23]. These f i l t e r s  are also subject to  attack by SO3 
and w i l l  y ie ld  a high solids content due to th is  chemical reaction [40]. 
The maximum recommended gas rate is 2.5 cfm at a pressure drop of 6- in .  
o f mercury. One advantage of th is  f i l t e r  is i t s  high dust capacity (5 gm)
Figure 5.13 Glass Cloth F i l t e r  Holder and Nozzle Assembly [1 ]
(4) Membrane F i l te r s ,  Tar Cameras, Composite F i l te rs :  
There are many additiona l types of f i l t e r s  available which have l im ite d , 
sp e c if ic  uses (e.g. su itab le  fo r  size anayls is). At th is  time, l i t t l e  
information has been collected with respect to errors associated w ith 
th e i r  use in a p a r t icu la te  sampling t ra in .  For more in formation, re fe r  
to  Table 4.3 - "Typical Po llu tan t Collectors",
[36]
21 FOR CONNECTION
SPECIAL GASKET 10 GAS METER
■STAINLESS STEEL 
FILTRATION TUBE
STAINLESS STEEL COUPLING
STAINLESS STEEL 
SAMPLING NOZZLE
,-S O F T  WIRE TO HOLD FILTER
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(5) Cyclones: Considerable research has been performed
on the operating characte ris t ics  o f cyclone separators which are used 
extensively in the chemical process industries and also as special 
separators in pa rt icu la te  sampling tra ins  [2 ,15,17,36]. The B.C.U.R.A. 
design fo r  the cyclone and hopper w ith the re la t iv e  proportions is 
i l lu s t ra te d  in Figure 5.14. Cyclone separators can be constructed 
which c o l le c t  " v i r t u a l l y  a l l "  pa rt ic les  w ith diameters exceeding 5 - 1 0  
microns [2,13,16,17]. Due to the large "g" developed (^1000 or more), 
cyclones operate e f f ic ie n t ly  fo r  both horizontal and v e r t ic a l  configur­
ations but the capacity may be dependent upon o r ie n ta t ion . C alibra tion 
curves are required i f  iso k in e t ic  sampling rates must be maintained - 
the c a l ib ra t io n  curve is a function of Reynold's number, volumetric 
throughput, and v isco s ity .
Hawks ley e t.  al [2 ] have considered the behaviour of a cyclone in 
terms of two parameters: One, Kc , is  defined as the ra t io  of the range, 
A , of a p a r t ic le  to  a representative length L o f the system; the 
second, is the Reynold's number. The s ign if icance o f the p a r t ic le  range 
A .  has been explained e a r l ie r  in Section 5.6 (b) of th is  report. The 
diameter, D, of the cyclone body is the representative length term and 
the v e lo c ity ,  V, is taken at the in le t  o f the cyclone. Using these para 
meters the fo llow ing equation was obtained:
where o~ and d are the p a r t ic le  density and diameter respective ly , and 
r^ is  the gas v isco s ity .
The Reynold's number was found to  have only a s l ig h t  e f fe c t  on the
Weight collectecj/weight entering cyclone = = f  (k )= f
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Figure 5.14 Proportions o f Cyclone and Hopper [2 ]
For a given in le t  v e lo c ity ,  V, and cyclone diameter, 
D, wc/w depends only upon the diameter, d, of the p a r t ic le s .  For th is  
case, the preceeding equation gives the "grade e f f ic ie n cy  curve" of the 
cyclone which can be determined experimenta lly. Figure 5.15 i l lu s t ra te s  
the e ff ic ie n cy  co llec t io n  curve of a cyclone as a function o f fo r  
the cyclone proportions given in Figure 5.14. Figure 5.16 gives the 
grade e f f ic ie n cy  curve of the same cyclone fo r  pa rt ic le s  o f density 
2 gm/cm at a flow r a te  o f 5 cfm of a i r  a t  room te m p e ra tu re .  Sta irm and  
[61] has measured grade e f f ic ie n cy  curves fo r  an 8- in .  diameter cyclone 
and i t  agrees w ith measurement on one of 1- 1/ 2- in .  diameter.
The overa ll e f f ic ie n cy  o f co l le c t io n  c le a r ly  depends
IN L E T -
INLET
H O P P E R
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on the size d is t r ib u t io n  of the so lids . At a p a r t ic u la r  in le t  veloc­
i t y ,  V, and cyclone diameter, D, i f  the p a r t ic le  size is  above a d ia ­
meter which corresponds to a high co lle c t io n  e f f ic ie n c y ,  then v a r i ­
ations in V have l i t t l e  e f fe c t  on the overa ll e f f ic ie n cy . The 
conditions re la t in g  to the pressure drop, volume flow , and size of 
geometric variab les, in order to  obtain the same overa ll co l lec t io n  
e f f ic ie n c ie s  fo r  a p a r t ic u la r  size d is t r ib u t io n ,  may be found from 
the three fo llow ing qu an t it ie s :
Q , H and H
- i d 3 n V /3  K ° 2 2
where H is  the pressure drop across a cyclone [H= (constant) (gV / 2 ) ] ,  
and Q is the volumetric flow rate at the temperature and pressure in 
the cyclone. These three quantit ies  must remain constant. Any two 
define the th i r d ,  v iz .  i f  a larger Q must be accommodated, then a 
higher pressure drop must be accepted. Reference [16] l i s t s  equations 
fo r  the theore tica l s iz e -e f f ic ie n c y ,  c r i t i c a l  p a r t ic le  s ize , and flow 
capacities fo r  cyclones (with proportions given in  Figure 5.14).
Cyclones may cause breakage of some of the large 
diameter pa rt ic le s  but th is  may be minimized by selecting the proper 
operating conditions. Some cyclones also cannot be positioned close to  
the wall (unless a recessed hole is used) fo r  " in -s tack" separation.
The characte r is t ics  of various size cyclones are presented in Tables
5.7 and 5.8 [36].
N.C.B. [34] has developed a cyclone probe very 
s im i la r  to tha t of B.C.U.R.A. This tangentia l cyclone has an inherent­
ly  higher co l lec t in g  e f f ic ie n cy  than the axia l cyclone which h a d  been
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used in the N.C.B. apparatus [33 ]. The cyclone w i l l  th e o re t ic a l ly  
catch a l l  g r i t  pa rt ic les  about one micron in size providing tha t the 
gas in le t  ve lo c ity  to the cyclone is maintained between 30-100 f t /s e c .
I
I f  the in le t  gas ve lo c ity  to the cyclone is too low then the c e n tr i ­
fugal fo rce , which pushes the g r i t  pa r t ic les  to the wall o f the 
cyclone, is  reduced. Hence, a higher portion of the smaller g r i t  
pa r t ic les  escape through the e x i t  gas. On the other hand, at cyclone 
in le t  ve lo c it ie s  over 100 f t / s e c ,  there is a tendency fo r  la rger g r i t  
pa r t ic les  to bounce from the cyclone walls and out through the e x i t .
_ j ----------------,----------------r
* >  ^
/
/ •
P
I
t  L +  - l-------
0  2 0 3  0 4  0  5 0  6 0 7  0  3
Figure 5.15 Varia tion of wc/w with-^K^" fo r  Collection by Cyclone [2 ]
( 6 )  E le c t r o s t a t i c  and Thermal P r e c i p i t a t o r s :  E le c t r o ­
s ta t ic  p re c ip i ta to r  co llec to rs  are not widely used in stack sampling. 
Properly designed co llec to rs  can achieve 100% co llec t io n  e f f ic ie n cy  fo r  
pa rt ic les  as small as 1/2  micron in size [17] and remove p a r t ic le s  down
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Figure 5.16 Varia tion of Cyclone E ff ic iency witn P a rt ic le  Diameter [2]
tc  1/10 micron. Several d i f fe re n t  designs have been proposed [62,63,64, 
65,66] and one or two are ava ilab le commercially. Samples caught on 
glass slides using e le c tro s ta t ic  p rec ip ita to rs  cannot be used fo r  p a r t i ­
cle size analysis due to agglomeration.
E ff i­
ciency
Theo­ D ust on
N o. o f
T h rough ­ Resist­ re tica l capacity  typ ica l
D ia- p u t ance Cut a a ~  2 fine
■yclono metor (cu. f t . / (in. ~  2* (gm.) dust A f
(in.) m in .) w.g.) M (% ).
1 1 2 5 -5 1 -2 12 98
2 2 10 10 1 0 94 97
3 3 20 12 2 '0 316 97
4 4 30 9 2-3 750 97
8 8 150 12 3-4 0000 94
* Tho c u t is th a t si/.o o f pa rtic le  w h ich  is (theore tica lly) 
ju s t soparatod. In  p rac tico  the cyclone w il l  co llect a con­
siderable p ro p o rtio n  o f sm aller partic les  and w ill a llow  a few
Jur^rm* p a r t ic le s  to  o sc ap o .
Table 5.7 Details of Sampling Cyclones [36]
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Percentage b y  w eight
sm aller than  grade 
a
Size o f  grado D ust A D ust B
(microns) (%) (%)
420 100 ___
295 00-9 ___
210 99-8 ___
150 99-7 ___
104 99-4 ___
70 99-0 ___ _
00 97-9 ___
40 89-7 ___ _
30 80-2 ___
•20 04-8 100-0
10 40-2 1)0-5
5 24-1 05-5
4 — . 04-5
3 — 80-0
2 — 32-0
1 — 13-5
Table 5.8 Size Analysis of Typical Test Dusts [36]
Thermal p rec ip ita to rs  are used even less than the 
e le c tro s ta t ic  type. They have high co llec t io n  e ff ic ie n c ie s  on pa rt ic les  
smaller than one micron but normally are l im ited  to very low gas through­
puts [67].
b. Impinger and Absorption Collectors
Gaseous po llu tan ts  and pa rticu la tes  may both be collected 
in wet impingers. In the wet type co l le c to r  (e.g. Greenburg-Smith), 
f lu e  gas is  bubbled through a l iq u id .  When the rap id ly  flowing gas is 
forced to change d ire c t io n , pa rt ic le s  in the gas stream continue in  the 
same d irec t ion  as the i n i t i a l  f low , c o l l id e  w ith ,  and c ling  to  the 
obstructing m ateria l. The dry type impinger co lle c to r  are often m u lt i ­
stage (e.g. Andersen Stack Sampler) and operate in a manner s im ila r  to
the  wet im p inger w ith  p a r t i c l e  im paction  in  each stage depending upon 
the ve lo c ity  imparted to the p a r t ic le .
The amount of solids impacted on obstacle can be express­
ed [ 2]  as:
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mass flow impacted _ f  ( Kt , NRp) 
to ta l  mass flow
where KT * _A_ = _vV
1 L gL
N R  =
Re VL? / ^
The functiona l re la t io n  depends upon the geometrical shape of the 
obstacle. The representative length, L, is taken to  be the diameter or 
w idth, D, of the obstacle and the representative ve loc ity  is tha t o f the 
undisturbed gas stream. Figure 5.17 i l lu s t ra te s  the va r ia t ion  of mj/m 
vs. Kj fo r  d isks, cy linders , ribbons and spheres.
1 - 0
0-9
0 8
0-7
0 - 6
0-5
0-4
0-3
0-2
0 - 1
3 02 3 4 5 67D9IOIO l0-01
* 1
Figure 5.17 Varia tion o f mj/m w ith Kj fo r  Collection by Impaction [2 ]
One of the e a r l ie s t  methods of stack sampling fo r  p a r t i ­
culates was to  in se rt  a greased rod fo r  a f ixe d  period of time and then 
weigh i t  to  determine the to ta l  so lids adhering to i t .  The co l le c t io n  
e f f ic ie n cy  depends upon the conditions of impaction and re tention (or
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rebound) o f the p a r t ic le s .  In some instances, obstacles co llec t in g  
pa rt ic les  have had some p a r t icu la te  matter reaching the back side due 
to  d if fu s iona l e ffec ts . G r i t  pa r t ic le s  can be assumed to  impact with 
90 to 100% e f f ic ie n c y ,  provided the diameter or length o f the obstacle 
is  less than 1-in . and loss by rebound is eliminated. Soot pa rt ic les  
are not co llected by impaction unless the obstacle is  very small, but 
soot can be collected by d if fu s io n .
The Greenburg-Smith impinger (see Figure 5.18) je ts  the 
gas sample at high ve lo c ity  on to  a glass p la te  immersed in water or 
a lcoho l.
1 j i
CAP
'M E TA L GUARD 
BENT AS SHOWN
STOPPER
ml
30
25
20
5mm MARK
1mm ORIFICE
Figure 5.18 Greenburg-Smith Impinger [16]
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The pa rt ic les  are collected in the surrounding l iq u id  and scrubbing of 
the gas also occurs. The highest e ff ic iency  fo r  co l lec t io n  o f p a r t ic u ­
lates is realized when the nozzle t ip  is  not more than 5 mm. above the 
impingement surface, is  submerged in at least 75 ml. o f l iq u id ,  and the 
gas throughput is less than 1-cfm [16]. For p a rt ic le s  below 1 micron 
in  diameter, there is low co llec t ion  e ff ic ie n cy . At a 1-cfm flow through 
the nozzle there is a 3 - in. mercury pressure drop. For proper operation 
during sampling the fo llow ing c r i te r io n  must be s a t is f ie d  [16].
mm
T.
Po(T~Bwob
'P.imp (1 - w,imp)
Timp
max
Po t ’ -Bwob
pimp (1 - Bw,imp)  r ----------
imp
max
mm
The l iq u id  levels in the wet impingers should be ca re fu l ly  checked before 
and a f te r  to determine the amount o f condensates [1 ] .  A l l  possible 
chemical reactions between constituents in the gas stream and collected 
material in the wet state should be considered. An in tensive study has 
been performed by Sexton [71] on th e .e ff ic ie n cy  of a gas washing bo tt le  
on various types o f gaseous po llu tan ts  at d i f fe re n t  concentrations. The 
resu lts  are shown in Tables 5.9, 5.10, 5.11 and Figure 5.19.
Dry stagewise impactors use a va r ia t ion  of the ve lo c ity  
or distance between the nozzle and impacting p la te  to control the p a r t i ­
c le diameter co llected (100% e ff ic ie n cy  down to 0.6 micron) [ 68 , 69, 70].
c. Freeze-Out Traps
The freeze-out trap or condensation apparatus is used fo r  
condensing contaminants from the gas sample. Sampling rates are re­
s t r ic te d  to  the range 0.1 to 0.2 cfm. A summary of typ ica l cold bath 
solutions is given in Table 5.12 and Figure 5.20 i l lu s t ra te s  a typ ica l
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freeze-out t ra in .
CHEMICAL
SOLUTION IN 
GAS WASHING 
BOTTLE
SAMPLING
RATE
CFM
GAS WASHING BOTTLE 
EFFICIENCY -  %
STACK 
CONCENTRATION  
PPP (BY W EIG HT)
SULFURIC ACID WATER 0.12 99.8 72
HYDROCHLORIC ACID WATER 1.00 97. 1 4 7
HYDROCHLORIC ACID WATER 0.12 100. 4 7
PERCHLORIC ACID WATER 0.12 99 .8 41
ACETIC ACID WATER 0.12 99 .5 I0 8 S
NITRIC ACID WATER 0.12 100. 182
AMMONIA WATER 0.12 8 4 .3 103
CHLORINE WATER 0.12 VERY LOW * 103
CHLORINE N COj 0.12 7 7 .0 103
ETHYLENEDIAMINE WATER 0.12 99 .8 211
*  CHLORINE IS ONLY \% SOLUBLE IN WATER
Table 5.9 Gas Washing Bo tt le  E ff ic iency  Tests [71]
SAMPLING
RATE
CFM
QUANTITY OF 
ABSORBENT IN 
GAS WASHING 
BO TTLE-M L
GAS WASHING 
BOTTLE 
EFFICIENCY
%
STACK 
CONCENTRATION 
RANGE 
PPM (BY VOLUME)
0.01 200 95.4 4 TO 35
0.01 500 100. 2 1 TO 27
Table 5.10 Gas Washing B o tt le  E ff ic iency on NO2 with Phenoldisulphonic 
Solution in  Gas Washing B o tt le  [71]
8 . Gas Metering Devices
There are two major c la ss if ica t io n s  o f  gas metering devices- 
in tegra ting  volume meters and rate meters. When employing both types of 
meters the sample volume must be re la ted to stack conditions. In the 
co llec t io n  of dry p a r t icu la te s , there is l i t t l e  reason fo r  the sample gas 
to  change volume except fo r  the cooling and pressure drop through the
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RUN
NO
STACK
VOLUME
CFM
SAMPLING
RATE
crM
STACK CON 
NITROGEt
PPM 
BY WEIGHT
CENTRATION 
4 DIOXIDE
PPM
BY VOLUME
WEIGHT OP 
NITROGEN DIOXIDE 
FED TO STACK 
GRAMS
SAMPLING BOTTLE 
ETFiapNCY
OF ENTERING NOj
1 680 0.01 1406 756 974.0 73.0
2 180 0.01 3430 1845 133.2 82.6
3 192 0.01 5050 2720 197.9 90.6
4 205 0.01 5760 31 10 262.1 94.2
5 198 0.01 6380 3 4 3 0 446.3 94.3
6 192 0.01 6400 3 4 5 0 250.8 93.8
7 196 0.01 6450 3 4 70 431.1 94.2
8 196 0.01 6850 3690 455.5 95.2
9 190 0.01 6880 3 7 00 222.1 84 .9
1 0 206 0.01 7090 3810 146.2 84.7
Table 5.11 Gas Washing B o tt le  E ff ic iency  on NO2 w ith  400ml. Water at 
70°F and 1 Atmosphere of Pressure [71]
100
N
! «1
£
b j
K
2  g o
u
b
x
;  85
oz
UJ
o
t  8 0
u i
%
|  75
u i
ec
70
0  1000 200 0  300 0  4000  5000
GAS C O N C E N T R A T IO N -P P M  BY V O L U M E
Figure 5.19 Gas Washing B o tt le  E ff ic iency  on N02 [71] 
t ra in .  The recorded duct temperature and pressure and the temperature
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Coolant Temperature (°C)
Ice and water * 0
Ice and NaCl -21
Carbon tetrachloride slush *,** -22.9
Chlorobenzene slush *,** -45.2
Chloroform slush *,** -63.5
Dry Ice and acetone * -78.5
Dry Ice and cellosolve * -78.5
Dry Ice and isopropanol * -78.5
Ethyl acetate slush * , * * -83.6
Toluene slush ** -95
Carbon disulfide slush -111.6
Methyl cyclohexane slush *,** -126.3
N-Pentane slush ** -130
Liquid air -147
Isopentane slush ** -160.5
Liquid oxygen -183
Liquid nitrogen -196
* Adequate for secondary temperature standard 
** The slushes may be prepared by placing solvent in a Dewar 
vessel and adding small increments of liquid nitrogen with 
rapid stirring until the consistency of a thick milkshake is 
obtained.
Table 5.12 Typical Ice Bath Solutions [58]
GROUND GLASS BALb 
a  SOCKET JOINTS
AIR INTAKE TO FLOWMETER 
AND PUMPnLIQUID LEVtL
-I6*C
-80°C
PAIL
DRV ICE (CO;,) AND ACETONE^ 
DEWAR FLASK, WIDE MOUTH— ' 
LIQUID NITROGEN
DEW AR FLASK
i c e  a s a l t
FLOW RATE usually  
O .l- 0 . 2  f t V m i n  d e p e n d in g  
ON RELATIVE HUMIDITY
Figure 5.20 Freeze-Out Trap [58] 
and pressure at the sample meter can be used in  conjunction w ith the
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ideal gas law to determine the required correction. However, i f  con­
densation occurs (or i f  the wet co l le c t io n  method is  employed), then 
i t  is  necessary to  correct the sample volume fo r  the change in  moisture 
content. The to ta l  s ize of the sample withdrawn and i t s  flow rate must 
be known and con tro lled  as an essential part o f the sampling program,
a. In tegrating Volume Meters
The in tegra ting  volume meters can be of the wet type 
which is  more read ily  adaptable to source sampling. The Sprague Test 
Meter No. 1-A is one example of the dry type meters (Figure 5.21) used 
in sampling tra ins  today [1 ,13,17].
Figure 5.21 Sprague Dry Test Meter [1 ]
This type of meter must be ca libra ted p e r io d ica l ly  w ith  a high grade 
gasometer or gas meter to maintain an accuracy of 1% in  volume measure-
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merits [4 ,13,17]. An exce llent description of th is  type meter is given 
in Reference [16] with the proper equations fo r  converting the sample 
volume to stack conditions.
When the wet type meter is  used in  a sampling t r a in ,  
d i f f i c u l t i e s  are encountered w ith saturating the gas w ith water (and 
changing i t s  volume), or w ith the l im ited  amount of suction which can 
be applied to the sample t ra in .  Often the wet te s t  gas meter is used 
as a secondary standard.
Since the volumetric flow rate w ith the in tegra ting  type 
meter is calculated by observing an indicated gas volume and times from 
a stopwatch, the metered flow rate cannot be determined instantaneously. 
Thus, th is  meter is  re s tr ic te d  to  sampling where large and s ign icant 
changes in meter conditions do not occur rap id ly  or often,
b. Rate Meters
There are several d i f fe re n t  types of rate meters used in 
sampling t r a in s -o r i f ic e  p la te , flow nozzle, venturi meter, rotameters, 
etc. Each p a r t ic u la r  rate meter is  l im ited  to a d e f in i te  flow capacity 
and ca lib ra t io n  curves are normally required. Instantaneous response is  
not obtained w ith th is  type of meter e ith e r but experienced operators 
can more read ily  adjust to approach instantaneous readings. Flow measure­
ment i s ,  of course, important in innumerable p rac tica l applications and, 
fo r  th is  reason, extensive research has been performed on th e i r  charac­
te r i s t i c s ,  accuracy, e tc. For many flow-measurement devices the overa ll 
accuracy is governed p r im ari ly  by the accuracy o f some pressure or temp­
erature measurement [50 ]. Table 5.13 summarizes the operating character­
is t ic s  o f several types of flow meters of in te re s t.  For more s p e c if ic
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Orifl.ee 5,000 - 4 5 5 -
2000
4,000 Sq rt 
rate
Remote diff. 
press.
1-2 full- 
scale 
diff. 
press.
M ost metals 0 .1 -3 0 1 .5 -1 2  A  
larger
Straight pipe: 10 
diameters up­
stream, 3 down­
stream
None 1 .0
Flow nossle Liquid 0 .5 -1 5 ,00 0  
Gas 100-500,000
1.500
1.500  
2 5 0 ™
5.000
15.000 
150
— 6 0-  
1500
4,000 Sq rt  
rate
Remote diff. 
press.
1-2 full- 
scale 
diff. 
press.
Bronze, iron, 
steel, stainless 
steel
0 .1 -2 0 1-24 A  
larger
Straight pipe: 10 
diameters up­
stream, 3 down­
stream
None 1.4
Venturi Liquid 0 .5 -1 5 ,00 0  
Gas 100-500,000
— 6 0-  
1500
4 ,000
_
Sq rt  
rate
Remote diff. 
presa.
1-2 full- 
scale 
diff. 
press.
Bronze, iron, 
steel, stainless 
steel, plastic
0 .1 -1 5 1-24 A  
larger
Straight pipe: 10 
diameters up­
stream, 3 down­
stream
None 1.5
Olase-'iube
rotameter
Liquid 5cc/m in  — 250 
Gas 400 cc/m ia-700
- 5 0 -
400
Linear
rate
Local or remote 
electric or 
pneumatic
1-2 full 
scale
M ost metals, 
plastics A 
ceramics
0 .2 *
H «0
to
1 .0  psi
0 .2 5 -4 Vertical only None 1.0
Metal-iube
rotameter
Turbine or 
propeller
Liquid 0 .5 -4 ,0 0 0  
Gaa 0 .6 -1 ,0 0 0
10:1
15:1
10:1
10:1
20:1
— 300- 
1600
100 Linear
rate
Local or remote 
electric or 
pneumatic
1-2 full- 
scale
M ost metals, 
plastics, A  
ceramics
1 .0 '
H j O
to
10 psi
0 .5 -1 2 Vertical only None 1.2
Clean 0 .004-50 ,000  
Liquid 0 .5 -300 ,000  
or Gas
- 4 5 5 -
1000
30 Linear
total
Remote electric 0 .5  read­
ing
Aluminum, stain­
less steel
Bronze, iron, 
steel, stainless 
steel
2-10
1-20
Very
small
0 .1 2 5-3 6 Any position 115 volts 
60 cps 
50 watts
5 .0
Uive dis- 
'acetn-enl
*eter
Clean C .25-1 ,000  
Liquid
0-300 2 ,000 Linear
total
Local or remote 
electric
Remote electric
1 reading
0 .5 -1
full
8C&1©
0 .5 -6 Horizontal
recommended
None 1.0
Con- 0 .002-50 ,000  
d u c -  
tive  
liquid 
only
600 - 2 0 0 -
360
1,000 Linear
rate
Plastic, stainless 
steel with non- 
conductive liner
0 .1 -7 8 Any position 115 volts 
60 cpa 
200 watte
6 .0
Table 5.13 Operating Characteristics of Several Types of Flowmeters [50]
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information and construction de ta ils  of the flow meters, the fo llow ing 
references are useful [4 ,50,72].
9. Gas Pumps
The pumps used to move gas sample through the probe and 
sampling t ra in  are normally e le c t r ic  motor driven but the e jec to r type 
is  also employed in some instances. The type of exhauster is immaterial 
provided i t  can handle the required volume of gas at the necessary 
pressure drop. Selection should be governed by the most convenient 
source of energy ava ilab le at the sampling locations and the un iform ity  
and dependability of the energy source [4 ] .  The gas pumps should have 
a capacity o f at least 2 cfm of a i r  at a pressure drop of approximately 
20-in. o f mercury [13] or 1 cfm at a pressure drop of 27-in. of mercury.
10. P a rt ic le  Size Determination
A knowledge of the p a r t ic le  size d is t r ib u t io n  is  important in 
designing and selecting control equipment. There are many problems 
associated w ith p a r t ic le -s iz e  analysis and analyzers. Errors associated 
with a sampling t ra in  can arise in  th is  determination under the fo l lo w ­
ing conditions [13]:
i .  Agglomeration or hydration in  wet impingement
i i .  F i l te rs  re ta in ing pa rt ic le s  in f in e  pores
i i i .  Agglomeration in e le c t r ic a l  p rec ip ita to rs
iv .  A t t r i t io n  in cyclones
v. Poor technique in any mechanical trans fe r from 
co llec t io n  device to  ana ly t ica l equipment where uncerta in ties arise in 
p a r t ic le  a t t r i t i o n  or in obtaining a representative sample.
Lapple has recently reviewed the f i e ld  on the physical char­
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ac te r iza t ion  of pa rt icu la tes  [73 ]. Table 5.14 summarizes the types of 
s ize-analysis techniques and gives examples o f common analyzers and the 
applicable range of p a r t ic le  diameters.
D. Sampling and Analysis fo r  Gaseous Pollutants
1. Gaseous Po llu tan t Concentrations in Stacks P r io r  to Cleaning
The fo llow ing is a p a r t ia l l i s t  o f gaseous po llu tan ts  tha t may
have to be considered. Practica l considerations d ic ta te  th a t fo r  any
given in d u s tr ia l  process only a very l im ited  number be analyzed on a
continuing basis. Analysis fo r  nitrogen and residual oxygen may also be
desirable in  some instances.
Gas Representative Concentrations
CO 2000 ppm
co2 10-30%
NO 100-5000 ppm
no2 50-5000 ppm
so2 2000 ppm
h2s 1000 ppm
nh3 0-3.5%
Fluorine and gaseous 
f lo u r in e  compounds 2000 ppm
Bromine 1000 ppm
Chlorine 2000 ppm
Cyanides (HCN and cyanogen) 0-5 ppm
Hydrocarbons, aldehydes, 
ketones, esters, chloroalkenes, 
chloroalkanes, amides, etc.
0-2000 ppm
* Gaseous to  p a r t icu la te  f luo rides  vary over a wide range, from less 
than 0.01 to  1 to 25 to 1, fo r  d i f fe re n t  in d u s tr ia l processes (Dorsey
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Slse-di SCf
Tjrpt
mlneting Property
Character or 
Mechanism
Technique and Variations Example of Common Apparatus*
Range of
Applicable Particle 
Olameter,* 
M icrons
Geometric P hys ico l barrier Sieving Wet Ro-Top (T y le r); P u lve rit 5-1000
Dry Shaker; Son ic S ifter (A llen -B rad lcy ); e lectro- 
formed steves (Buckbee 
Meors)
U ltra f iltra t io n Membranes, M illip o re , 
Gclmon
0.01-5
M echonicol 
or Dynomic 
(in  f lu id s )
Ine rtie Im paction on surfoce Greenburg-Smith; May; 
Anderson; C asse llo ; 
B a tle lle
0.1-100
Pressure pulse (son ic) IIT R I I0 -I0 0 0 (? )
Term inal se ttlin g  
v e lo c ity  (in 
g rov ity  or centri* 
fugo l fie ld s ) 
(p o s s ib il it ie s  o f 
us ing  e le c tr ic o l 
f ie ld s  e x is t)
E lu tr lo tio n Single
frac tiono tion
L iq u id Schone 5-100
Gas R olle r (G); Federal 
Pneumotic (C); Bohco (C)
Series
frac tiona tion
L iqu id Andrews
Gos H ou lto in  “ In fra s iz c r" ; 
Gonetl; Aminco
Sedimentotion Loyer
methods
(d iffe re n tia l)
L iq u id Polo Travis (G); Werner 
(G); MSA-Whitby (G, C); 
Kaye (C)
M 0 0 (G ) 
0 .0 2 -10(C) 
0 .002 -l(U C )
Gos M icrom eiigraph (Shorples) 
(G); Conifuge (C)
Suspension
methods
D iffe re n tia l-
liqu id
P ipe tte  (Andreasen) (G); 
hydrometer (G); diver 
(6 ) ; Komack (C); tu rb i­
dim eter (G,C); d iffe re n ­
t ia l manometer; gamma- 
roy absorption
Integra l-
liq u id
Sedimentation bolance 
(Oden, Cahn, Sartorius) 
(G ); manometer (Weigner) 
(G ); pendulum (G)
Integro l-gos Aeroso l spectrometer
(G oetz) (C); sedimenta­
tio n  channel (G)
Decontofion (in  l iq u id  on ly) Cummings l-lOO(G)
!Phofo-sedim entotion (photography o f p a rtic le  streaks) Carey & Stairmond 1-100(G)
D iffus ion P o rtic ie  displacem ent (random w a lk ) M illik o n  ce ll
0.01-1
P o rtic le  deposition D iffu s io n  battery
O ptica l Imoglngr L ig h t m icroscopy American O p tica l; Bousch 
& lo m b ; L e itz ; N ikon 
R e ichert; T fyoda;
U n itron ; V icke rs ; W ild; 
Z e is s , e tc . F ly ing-Spot 
countors
0.2-100
U ltram icroscopy (g ives meon s ize  on ly) 0 .005 -1
E lectron m icroscopy H ita c h i; Nore lco; RCA; 
Siemens
0.002-15
Transm iss ion
(spectrol)
E xtinc tion  measured as function  o f woveiength B a iley 0. l-2(?)
Scattering Single p a rtic le  
count
R ight ongle (90°) Royco counter (gas, 
l iq u id ) ; 0 ‘ Konsxi
0.2-50
(higher w ith  
m icrowave)
Angular
Forward
Po la riza tion Owl (monodisperse 
aerosols)
Macroscopic (g ives meon s ize  on ly) S inc la ir-P hoen ix  (aerosol 
concentration)
D iffra c tio n L ig h t
X-ray
Laser (ho lography-reconstruction o f d iffra c tio n  
pattern)
Stat V o lt Co.
E le c tr ica l Resistance A fte ro tion  of current flow  by pa rtic les C oulter counter 1-100
Copacifonce P oten tio i pulse due to  p o rtic le  deposition
Charge Trlbo-chorg ing 1-30
Induction charging
Corona charging Drozin and LaM or; Marcer
Magnetic A pp lica b le  to 
magnetic 
m ateria ls onty
P ortic le  m igration in magnetic fie ld s  
pulses
; mognetic
Thermal P a rtic le  deposition P ortic le  m igration in thermal gradient C asse llo ; 0 .l-1 0 {? )
Physleo.
chem ical
Condensation Growth o f nuclei w ith  con tro lled  supersaturation G f  condem ation  nuc le i 
counter
0.01-0.1(9)
* Items in parentheses have fo llo w in g  t ig  
t  R ep licas moy he used in place o f partic 
or e lectron beams, and in magnesium ox
ifica n ce : C - in cen trifuga l f ie ld ; G -  in g rav ity  f ie ld ; UC - 
r t .  that m ight evoporote or be destroyed during measurement, < 
de film  method for measuring s ize o f drops
u ltracentrifuge .
• g ., in e lectron m icroscopy to ovo Id the e ffec t o f vacuum
Table 5.14 Types of Size Analysis Techniques [73]
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and Kemnitz, J. A ir  P o llu t ion  Control Association, 18, (1) pp. 12-14 
(1968).
The po llu tan ts  o f importance in a p a r t ic u la r  case must be 
determined from a prelim inary survey or p r io r  knowledge of the process. 
The f i r s t  f iv e  or s ix  gases l is te d  are probably most commonly encount­
ered but the others are very important in  sp e c if ic  processes (e.g. 
problems w ith  f lu o r in e  compounds already encountered in  Ontario).
2. Sampling
Unlike p a r t icu la te  sampling, sampling fo r  gaseous po llu tan ts  
does not require iso k in e t ic  conditions. However, i n i t i a l  traverse 
studies are required to ascertain the extent of mixing in the stack to 
see i f  a single representative point can be chosed. I f  a i r  is entering 
the stack acc identa lly  or in te n t io n a l ly  at any po in t,  the probe must be 
well removed from such a po in t. In some cases condensation problems 
must be avoided by boundary layer d i lu t io n .  Material dynamic d i lu t io n  
also serves the purpose o f reducing concentration levels to  those s u i t ­
able fo r  certa in  instrumental methods o f analysis ( i . e .  photometric 
detection-sulphur compounds, chemi-luminescent determination -NO). Re­
moval o f in te r fe r in g  p a r t icu la te  matter is  required except when certa in  
u l t r a v io le t  or in fra red  spectrophotometric methods are used.
Since a l l  the commonly employed methods of analysis lead to 
resu lts  in  concentration un its ,  simultaneous measurement o f stack flow 
r a t e ,  p re s s u re ,  te m p e ra tu re ,  and possibly humidity and density are re­
quired i f  actual to ta l  p o l lu ta n t issuing from the stack per un it  o f time 
is  required.
Steel or ceramic probes are usually su itable although glass may
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be used fo r  certa in  purposes. P a r t ic u la r ly  in the case o f sulphur 
compounds i t  is  advisable to use te f lo n  l in e s ,  pumps, e tc . ,  when long 
sample lines are run from the stack to ground level instrumentation.
3. Analysis
Methods o f analysis may be grouped in to  three "generations":
i .  Collection of samples fo r  subsequent wet
analysis.
i i .  D irect instrumental analysis using methods
now ava ilab le .
i i i .  Use of "sp e c if ic  sensors".
Under each heading a general discussion w i l l  be given followed 
by spe c if ic  comments on those po llu tan ts  o f most general concern - S02 , 
N0X> (NO + NO^), and to  a lesser extent CO and C02. In the atmosphere a 
complex reaction scheme involv ing NO, NO2 , and hydrocarbons, occurs tha t 
resu lts  in  smog formation, eye i r r i t a t i o n ,  etc. Basic to  th is  scheme is  
the conversion of NO to NO2 followed by photodissociation of N02. Com­
bined monitoring of NO and N02 as N0X is  therefore probably a s u f f ic ie n t  
and sensible approach.
a. Wet Analysis
Wet methods of analysis are available fo r  a wide range 
of po llu tan ts . They are useful fo r  analysis o f impinger solutions 
collected in  conjunction w ith  iso k in e t ic  p a rt icu la te  sampling, and 
analysis o f grab samples collected in gas bulbs or evacuated containers. 
However, the analyses are time consuming, often non-specific  and in 
general, are not adaptable to  continuous monitoring. Where the cost o f 
automated methods is  p ro h ib it iv e  or only spot checks are required,
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co lle c t io n  and wet analysis in the laboratory may s t i l l  have l im ite d  
app lica tion . Those methods tha t are se lective and accurate have been 
used to check the r e l i a b i l i t y  o f the new instrumental techniques.
(1) Sulphur Dioxide: Samples are usually co llected in 
e ith e r  sodium tetrachloromercurate or 'A ft2 s0^ u t i ° n* I *1 t *ie fonner, 
samples are probably best taken as grab samples in  gas co l le c t io n  tubes 
[74 ]. P urity  of the p -rosan il ine  reagent used is  important [75 ]. A 
good discussion o f th is  method (West-Gaeke) including the probable 
chemical mechanism is  given in  the 1957 report of ASTM Committee D22 
[76 ]. Modifications to the Seidman (H202) method [77] have recently 
been discussed tha t allow:
i .  Simultaneous determination of SO3 , SO2 , f lu o ­
r ide , ch loride and N0X [78].
i i .  Simultaneous determination of SO3 , SO2 and
H2S [79].
(2) Nitrogen Oxides: Two widely used methods are the 
Saltzman and the phenoldisulphonic acid procedure. The Saltzman method 
has been widely c r i t ic iz e d  but is probably sa t is fa c to ry  fo r  stack gases 
containing 500-2000 ppm N0X, i f  the samples are collected in  vacuum 
bott les  containing reagent so tha t rapid formation of n itrous acid 
occurs while the inequa lity  NO ^  N02 is s a t is f ie d  [80 ]. C a lib ra tion  
may be carried out w ith NaN02 [81 ]. A m odification of the phenoldi­
sulphonic acid procedure in  which samples are co llected in  2 l i t e r  
evacuated flasks containing 25 ml. o f  3% H202 has been published [82]. 
Full experimental de ta ils  are given and the method seems excellent 
although i t  is  qu ite  long.
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b. D irect Instrumental Analysis
The most promising o f the commercial instruments now 
being used fo r  stack analysis are based on u lt ra v io le t  absorption, nan- 
d ispersive in fra re d  ana lys is , gas chromatography, se le c tive  detectors, 
such as the flame photometric and bromine t i t r a t io n  coulometric fo r  
sulphur compounds, and fo r  lim ite d  app lica tions , mass spectrometry. 
Paramagnetic determ ination o f oxygen is  now feas ib le  and, i f  required 
in  special circumstances, a method fo r  continuous ozone analysis by a 
chemiluminescent procedure is  ava ilab le .
(1) Sulphur Dioxide:
( i )  U ltra  V io le t Analyzers: At leas t three su ita b le  
commercial instruments are ava ilab le . The CEA-Barringer SOg stack moni­
to r  [83] uses a comparison o f the U.V. absorption of the stack gas w ith  
a photographic reproduction o f the SO2 U.V. spectrum. Du Pont [84] and 
Honeywell [85 ] also market good instruments. The Du Pont 400 photo­
meter analyzer has been in  use fo r  over 12 years, requires minimal 
sample condition ing (Coarse f i l t r a t io n  and heating to  prevent conden­
s a tio n ), and has a b u i l t - in  c a lib ra tio n  f i l t e r .  On the basis o f ra ther 
lim ite d  inform ation the CEA-Barringer and Du Pont un its  seem somewhat 
b e tte r than the Honeywell instrument.
I f  remote monitoring is  desired so tha t spot 
checks can be made from a distance by p o llu tio n  contro l o f f ic ia ls ,  a 
good but somewhat expensive (approx. $12,000.) portable U.V. u n it is  
ava ilab le  from Barringer Research (B arringer AISI S02 monitor) [ 86 ] .
( i i ) In f r a r e d  Methods: An exce llen t discussion o f
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nondispersive in fra re d  analysis o f S02 in  stack gases was given a t the 
ISA conference in 1969 [87 ], The heart o f the discussion centered on 
the use o f nega tive /pos itive  op tica l f i l t e r in g  to  remove in te rference 
by water vapour. A good instrument based on th is  p r in c ip le  is  marketed 
by MSA (LIRA Model 200) [ 88 ] .  What appears to  be a somewhat less s a tis ­
fac to ry  instrument (p o s itive  f i l t r a t io n  only) is  ava ilab le  from Beckman 
(Model 515A).
( i i i )  Gas Chromatography: The main app lica tion  of 
th is  technique is  the analysis o f S02 when a number o f sulphur containing 
gases are present such as in stack e ff lu e n t from the K ra ft process.
Good procedures using mobile labora to ries are ava ilab le  [89, 90, 91].
Of major in te re s t is  a dynamic d ilu t io n  system which can d ilu te  by powers 
o f ten from 10_1 to  10" 6 [92 ]. The e n tire  u n it can be housed in  a box 
18 inches square. Apart from i t s  use in conjunction w ith  gas chromato­
graphy, the s ign ificance  of th is  u n it is  th a t i t  allows instruments and 
techniques developed fo r  ambient levels o f SO2 to  be used on stack samples.
( iv )  Automated Wet Analysis: The T it r i lo g  I I  S02 
analyzer [92] which uses Br2 generated from KBr so lu tion  in  a coulo- 
m etric  t i t r a t io n  may be su itab le  fo r  extended analysis o f stack S02. How­
ever, even w ith  recent changes i t s  maximum range is  0-600 ppm S02 so tha t 
a system such as the dynamic d ilu t io n  system mentioned in  ( i i i )  would be 
needed.
(2) Nitrogen Oxides:
( i )  U ltra v io le t Analyzers: Probably o f l i t t l e  use
as U.V. s e n s it iv ity  o f NO only about 1/10 th a t o f NO .^
( i i )  In fra red  Methods: MSA LIRA 200 (15) is  ideal
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
no
fo r  N0X over the range 0-5000 ppm. Can also be purchased set up to  do 
e ith e r NO or N0£ over same concentration range. Beckman Model 515A 
might also be su ita b le .
(3) CO, CO,,, Total Hydrocarbons:
( i )  In fra red  Methods: MSA LIRA 200 (15) or Beckman 
Model 515A su itab le  fo r  CO (0-2000ppm) and fo r  C0£ a t any l ik e ly  concen­
tra t io n .
( i i )  Gas Chromatography and A u x ilia ry  Techniques: 
Union Carbide [93] and Universal O il Products [94] both market analyzers 
which give analysis fo r  CO, CO2 and to ta l hydrocarbons. In add ition  the 
Union Carbide instrument analyses CH4 separately as i t  is  presumed tha t 
only the hydrocarbons la rge r than th is  take part in photochemical smog 
reactions. This instrument can be set up fo r  automatic sampling and 
analysis w ith  an in te rv a l as short as 5 minutes per analysis.
( i i i )  Thermal Conductiv ity: A continuous C02
analyzer su ita b le  fo r  CO2 in  stacks (standard range 0- 20% CO2 ) is  
ava ilab le  from Thermco [95 ].
c. S pec ific  Sensors
The concept o f s p e c ific  sensors has been discussed in  
d e ta il by Andrew E. O'Keefe (see fo r  example reference 95). The 
u ltim a te  concept is  to f in d  a group o f inexpensive sensors, which by 
th e ir  combined response, w i l l  allow  continuous analysis o f a l l  desired 
p o llu ta n ts . This is  a long way o f f  but devices fo r  SO2 and fo r  N0X 
have recently been marketed which can be conveniently c la s s if ie d  under 
th is  section.
The Dynascience SS-330 S02 monitor is based on an
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melectrochemical transducer which is  sold as a closed c e ll which can be 
replaced in  the f ie ld  [97 ]. Standard ranges are 0-500, 0-1500 or
0-5000 ppm SO2 . For N0X the Model NX130 is  used. I t  has the same 
ranges as the SS-330. These sensors look very promising but in s u f f i ­
c ie n t inform ation is  ava ilab le  at th is  time to  fu l ly  assess th e ir  
p o te n tia l.
Present instrumentation is  s u f f ic ie n t ly  advanced tha t 
continuous analysis o f SO? (probably by U.V. or NDIR) and N0V (by NDIR)
^  X
is  fea s ib le . I t  would appear th a t almost a l l  other po llu tan ts  o f in ­
te re s t could be s im ila r ly  dea lt w ith . However, two facts must be kept 
in  mind:
i .  A separate u n it is  needed fo r  each p o llu ta n t and 
these un its  are re la t iv e ly  expensive.
i i .  V ir tu a lly  a l l  methods discussed in th is  report 
lead to  analysis in ppm at ambient (o r instrument) temperature and 
pressure. A correction to  stack conditions is  required; to obtain the 
actual to ta l emission per u n it tim e, the flow  rate in the stack must 
be known.
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VI. RECOMMENDED PROGRAM FOR THE DEVELOPMENT 
OF STANDARD SAMPLING PROCEDURES
A. Code
Province o f Ontario Test Code fo r  Determining P a rticu la te  Concen­
tra tio n s  in Confined Gas Streams.
B. Purpose
A general te s t procedure w ith  appropriate m odifications to  perm it 
dust loading determinations before and a fte r  dust removing equipment 
in  ducts or stacks o f chemical, m e ta llu rg ica l and combustion processes
C. Status
F irs t  d ra f t ,  based on se lec tion  o f most desirable features from 
Tables I ,  I I ,  I I I ,  IV, and V.
To be revised and expanded a fte r  ch a rac te ris tics  and performance 
o f ind iv id ua l components o f the sampling tra in  have been evaluated 
through laboratory stud ies.
D. P relim inary Survey
1. Location o f Test Section
Id e a lly , sampling s ta tio n  should be in a s tra ig h t v e r t ic a l 
run o f duct or stack 10 diameters downstream and 4 diameters upstream 
from any flow  disturbance such as bends, c o n s tr ic tio n s , s p l i t te r s ,  
vanes or v is ib le  flame.
A round section o f duct or stack is  preferred over rectangu
la r  one.
112
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2- Recommended Number o f Sampling Points
The number o f sampling points sha ll be determined by the size
o f the duct o r stack under consideration and the flow  pattern encountered.
A minimum o f 8 sampling points should be used, but fo r  ducts or stacks of 
to ta l cross-sectional flow  area exceeding 8 fee t the fo llow ing  equal 
area p r in c ip le  sha ll be used to  d iv ide .
i .  Rectangular ducts or stacks in to  square zones
p
o f 1f t .  cross-sectional area or less.
i i .  C ircu la r ducts in to  concentric equal zones of
p
l f t .  cross-sectional area or less.
I f  ve lo c ity  va ria tions  across the duct or stack exceed a 2 to  
1 ra t io ,  the equal area zones should be no greater than 0.5 f t . 2 cross- 
sectional area.
3. Location o f Sampling Points
i .  For rectangular ducts or stacks sampling points 
sha ll be located at the centre o f each square zone.
i i .  For c irc u la r  ducts 4 sampling points sha ll be 
located on perpendicular diameters a t the cen tro id  o f each ring  according 
to  the re la tio n sh ip .
P = 50 [  1 - -i /  2 j - l  ]
V 2a
where P = % o f stack diameter from inside the duct wall to  the sampling 
po in t.
a = to ta l number o f equal areas in duct or stack, 
j  = number o f zone area fo r  which loca tion  is  being calcu la ted - 
numbered 1, 2, 3, 4, e tc . from centre outward.
This formula gives 1/2 o f the values needed along a diameter
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w ith  the other 1 /2  being the d iffe rence  o f each % calcu lated sub­
trac ted  from 100 .
E. Sampling
Iso k in e tic  - incremental.
F. Duration o f Test
As long as possib le. Tests sha ll cover one or more cycles fo r  
c y c lic  or batch processes where dust loading and gas flow  rates depend 
on operational conditions. A 2 to 6 hour te s t period is  recommended.
G. Sampling Time Per Point
The sampling time sha ll be determined by the dust loading and 
cha rac te ris tics  o f the p a rtic u la te  m atter.
10 minutes sampling fo r  low dust loads, 5 minute sampling fo r  
high dust loads (never less than 2 minute sampling).
N* Sampling Nozzle
1. Type
Thin, well-rounded, sharp-edge nozzle w ith 15° taper on the
outside.
2. M ateria l
S tainless s te e l, pyrex, vycor, b o ro s ilica te  or quartz 
depending on gas stream being sampled.
3. Inside Diameter
Nozzle sizes to be varied to  provide appropriate is o k in e tic  
sampling volume ra te .
1/4" minimum diameter.
1- 1/ 2" maximum diameter.
I .  O rien ta tion  fo r  Sampling
Upstream, p a ra lle l to  axis o f the duct or stack.
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J. Probe
1. M aterial
Pyrex, vycor, b o ro s ilica te  or quartz tubing inside a s ta in less  
steel tube to  provide smooth inner surface.
2. Length
As short as possible fo r  any given duct or stack w ith  standard 
lengths ava ilab le  from which appropriate se lections could be made.
3. Diameter
One-half inch minimum inside diameter o f l in e r  and 1" O.D. 
o f s ta in less  steel sheath.
4. Radius o f Bend
Smooth 90° bend o f not less than 4" radius.
5. Temperature Control
The inner l in e r  could be wrapped w ith heating tape or 26 
gauge nickel-chromium w ire  connected to a va riab le  transform er when 
there is  danger o f condensation.
Provision should be made fo r  water cooling probes subjected 
to  temperatures o f 2000° F when tes tin g  cupolas under burndown conditions. 
K» P a rticu la te  Collectors
1. Cyclone
M iniature (1 -1 /2  " diameter) s ta in less  steel or glass cyclone 
mounted e x te rna lly  should be the f i r s t  c o lle c to r in the tra in  to  trap a l l  
pa rticu la te s  greater than 5 . P r o v i s i o n  should  be made f o r  h e a t in g  or  
cooling the cyclone.
2. F iI te r
Appropriate f i l t e r s  should fo llo w  the m iniature cyclone.
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a. Alundum Thimbles
Appear to  be useful fo r  high temperatures (up to  1200° F) 
where chemical resistance and high wet strength necessary. (There is  
some evidence tha t S02 w i l l  react w ith  th is  type o f f i l t e r  to  give 
resu lts  th a t can be high by 25 - 100%).
b. Paper Thimbles
Can fo llow  the m in ia ture cyclone when gas temperatures 
are below 300° F (condensation must not occur on th is  type of f i l t e r ) .
c. Glass Fibre F ilte rs
May be useful fo r  p a rtic u la r  s itua tion s  when gas streams 
contain l iq u id  drop le ts.
Claim o f s ize re ten tion  down to  . 3 ^  .
A pplica tion lim ite d  to temperatures below 800° F.
Some evidence to  show th a t s u lfu r  oxides in f lu e  gases 
a ttack the sodium constituents in the glass to  show high re su lts .
d. Membrane F ilte rs
May prove to  be useful when i t  is  necessary to  re ta in  
p a rtic le s  in the s ize range .01 to  .3
Some evidence to  show th a t use is  lim ite d  to  temperatures
below 120° C.
e. Cascade Impactors
Should be useful when p a r t ic le  s iz ing  and size d is t r i ­
bution become important.
L. Condenser
A water-cooled glass or metal condenser sha ll be located ahead of 
the metering devices. A CaCl2 drying tower and coarse f i l t e r  may be 
useful a fte r  the condenser.
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M. Rate Meter 
Rotameter 
N. In tegra ting  Meter 
Dry gas meter.
0. Instrument Reading
At 2 minute in te rva ls  fo r  the sampling period a t each sampling
po in t.
p* Sampling Rate
To exceed a minimum o f 5 f t . ^ /m in .
Q. Gas Mover
Vacuum pump or blower capable o f moving 10 ft.3 /m in . o f gas w ith 
a pressure drop o f 25 inches o f Hg.
R. Approach to  Iso k in e tic  Sampling
P ito t  tube and thermocouple to  be attached to sample c o lle c tio n  
probe to  measure v e lo c ity  and temperature a t sample po in t.
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NOMENCLATURE
Dimensions are given in  terms o f mass (M), length (L ), time ( t )  
and temperature (T). 
a
wo
w imp
B,
B
V
D
d
g
H
j
m
m .
Re
Total number o f equal areas in  duct or 
stack
Proportion (by volume) of water vapour 
at the sampling po int
Proportion (by volume) o f water vapour 
at the impinger
Diameter of the cyclone body
P a rtic le  diameter
Acceleration due to g ra v ity
Pressure drop across the cyclone
Number o f zone area fo r  which loca tion  
is  being calcu lated - numbered 1, 2, 3, 
4, e tc . from centre outwards
Ratio o f the range to  the representative 
length of the system
Range/the representative length
Representative length, distance upstream 
of the nozzle over which there is  a d is ­
turbance o f the gas stream
True mass flow
Mass flow  impacted
Apparent mass flow
Reynolds number
L
L
L/ t :
L
Dimensionless
Dimensionless 
L
M/L2t
M/L2t
Dimensionless
126
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NOMENCLATURE ( C o n t ’ d)
P % of stack diameter from inside the duct
wall to  the sampling po in t
p
^imp Absolute pressure at the impinger M/Lt
p
PQ Absolute pressure at the sampling po in t M/Lt
AP Pressure drop L
Q Volumetric flow  rate at the temperature L ^ /t
and pressure of the cyclone
3
Qmax Maximum flow  capacity o f a meter L / t
o
Qmi‘n Minimum flow capacity o f a meter L / t
O
Q Flow capacity o f a pump L / t
o
limp Temperature a t the impinger T
Tq Absolute temperature at the sampling T
po in t
V Local f lu e  v e lo c ity  and cyclone in le t  L / t
ve lo c ity
v Free f a l l  v e lo c ity  o f a p a r t ic le  L / t
Vg Sampling v e lo c ity  L / t
w True weight o f p a rtic u la te  entering M
cyclone
wc Weight o f p a rticu la te  co llected by M
cyclone
Greek Symbol?
OC Fraction o f so lids not carried  w ith  Dimensionless
flu e  gases
> Range, distance a p a rt ic le  trave ls
' before coming to  res t
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NOMENCLATURE ( C o n t 'd )
^  Absolute gas v isco s ity  in  poise M/Lt
Density o f the gas M/L^
O
c*- Density o f p a r t ic le  M/LJ
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APPENDIX I
EXPLANATION OF 'KWIC INDEX OF TITLES'
Man has always been faced w ith  the problem o f organizing informa­
tio n  in  order to  make the best use o f i t .  As the scope o f his learning
has expanded over the cen tu ries , he has t r ie d  various ways to speed the
dissem ination, storage and re tr ie v a l o f in form ation. Today, w ith  the 
accelerated rate o f increase in  s c ie n t i f ic ,  technical and commercial 
in form ation which must be re a d ily  ava ila b le , the problem has become 
more d i f f i c u l t  than ever. In th is  l i te ra tu re  search when the number 
o f important references exceeded 1000 , then the conventional means of 
presenting a l i te ra tu re  search were abandoned in favour o f a computer­
ized method. The I.B.M. program ca lled  KWIC (keyword-in-context) was 
selected.
B a s ica lly , the program consists o f fo u r parts:
i .  The b ib liography
i i .  The author index
i i  i . The keyword i ndex
iv . The frequency count l is t in g
In order to  produce a KWIC Index o f T it le s ,  at least three d i f f e r ­
ent c lass-o f-in fo rm a tion  cards must be keypunched. They are the author 
card, the t i t l e  card, and the source card. An example o f each is
i l lu s tra te d  in  Figure 1.1 on the fo llow ing  page.
129
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The author card has the name o f the author and the corresponding 
alphameric code which w i l l  be described la te r .
DORMAN RG D0RMRG68DST011C4341
AUTHOR CARD
DUST SAMPLING TECHNIQUES D0RMRG68DST012C4342
TITLE CARD
FILTRATION VOL. 5 #6 PP. 549-58 (1968). 68 DORMRG68DST013C4343
SOURCE CARD 
Figure 1.1 C lass-o f-in form ation Cards
The t i t l e  card which fo llow s the author card has the t i t l e  o f the 
paper published by tha t author and a s l ig h t ly  modified code which desig­
nates the d iffe rence  between the two d if fe re n t types o f c la s s -o f- in fo r ­
mation cards.
F in a lly , the source card contains the name o f the jo u rn a l, the 
volume, the month, the page and the year the paper was published plus 
the modified code.
The alphameric code which appears on a l l  o f the d if fe re n t c lass- 
o f-in fo rm a tion  cards is  very im portant. Figure 1.2 shows how the code 
is  made up.
1st. 4 le t te rs  o f Year o f C lass-o f-in form ation
Author's Surname P ublica tion /  Code
\  \ _  1  
6 8  D 0 R M R G 6 8 D S T 0 I  IC 4 3 4 3
/  /  1st. Le tte r o f \
Year o f In i t ia ls  of 1st. 3 Words o f Housekeeping 
P ub lica tion  Author Paper's T it le  Code
Figure 1.2 Alphameric Code
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The author card, t i t l e  card, source card, and the alphameric code 
are then combined to form the f i r s t  three parts o f the KWIC Index of 
T it le s  program.
Consider the b ib liography shown in Figure 1.3 below. The b ib l io ­
graphy is arranged a lphabe tica lly  according to  the alphameric code.
D0RMRG68DST DORMAN RG
DUST SAMPLING TECHNIQUES
FILTRATION VOL. 5 #6 PP. 549-58 (1968). 68
Figure 1.3 B ibliography
I t  gives a complete descrip tion  o f the author, the paper he wrote and 
the journa l in  which i t  appeared.
The author index is  an alphabetic l is t in g  o f a l l  the authors 
whose papers appeared in  the bib !iography. Besides the l i s t  o f a l l  
the papers published by an author, each entry to the author index 
carries  the same alphameric code w ith which i t  appeared in the b ib lio ­
graphy. Thus, the alphameric code provides a valuable cross-reference 
between the b ib liography and the author index. Suppose an author has 
published an important paper, but the exact t i t l e  and the journa l in
DORMAN RG
DUST SAMPLING TECHNIQUES D0RMRG68DST
Figure 1.4 Author Index
which i t  was published were unknown. F ir s t ,  tu rn  to the author index 
and locate his name. Under his name w i l l  be a l i s t  o f t i t le s  o f a l l  
the papers he has published. The exact t i t l e  o f the paper has now been 
found along w ith  i ts  accompanying alphameric code. By re tu rn ing  to  the
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bib liography w ith  the s p e c ific  alphameric code, the re s t o f the desired 
in fo rm ation , namely the descrip tion  o f the journa l and the co-authors
of the paper, can be found.
The next step o f the program is  the creation o f a keyword index.
In th is  step, the computer indexes a lp habe tica lly  each word in each
t i t l e  which appeared in  the b ib liography. Under each of these keywords 
is  a l i s t  o f the t i t le s  in which th is  word appeared followed again by 
the appropriate alphameric code as shown in  Figure 1.5. By knowing
only one word in  the t i t l e  o f a paper, the remainder o f the t i t l e  may 
be found in  the keyword index, under tha t p a rtic u la r keyword, and the 
author and jou rna l may be found in  the b ib liography under the alphameric 
code accompanying the desired t i t l e .
The f in a l step o f the program is  the frequency count l is t in g .
This l is t in g  states the number o f times each keyword appeared. This 
l is t in g  is  very useful in  the preparation o f a stop-word or a go-word 
l i s t .  Stop-words are unimportant words (eg. is ,  the , and, e tc .)  which 
the computer w i l l  not index. The computer w i l l  index a l l  the other words, 
but not the stop-words. Valuable storage and computer execution time 
are thus saved. Go-words are important words appearing in  the t i t le s  
o f the papers which the computer w i l l  index. However, the remainder o f 
the words w i l l  not be indexed. Again, by using a go-word l i s t ,  only
SAMPLING
DUST SAMPLING TECHNIQUES 
ISOKINETIC SAMPLING TECHNIQUES 
SAMPLING IRON OXIDE FUMES
D0RMRG68DST
DENNRR66 ISP
DIX0BJ65SI0
Figure 1.5 Keyword
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the desired words w i l l  be indexed, thus saving computer time and expense 
A number o f recommendations should be investigated in the fu tu re  
to  improve the q u a lity  o f the output o f the KWIC program.
F irs t an abstract card (another c lass-o f-in fo rm a tion  card) may 
be added which would have a b r ie f  o u tlin e  o f the resu lts  o f the paper 
in  question. This abstract would appear in  the b ib liography and would 
fa c i l i t a te  the se lection  of papers to  be photocopied from jou rna ls  fo r  
fu r th e r examination. U nfortunate ly, computer input storage problems 
could a rise  i f  these abstracts become too lengthy.
A keyword card (another c lass-o f-in fo rm a tion  card) may be added 
which would have a l l  s im ila r  keywords lis te d  to  index under one desirabl 
keyword. At present the computer indexes each word in  each t i t l e  and 
the re s u lt is  wasted storage and execution time. Instead o f having the 
computer index each of the fo llow ing  words (eg. sample, sampled, 
samples, sampler, sampling, e tc .) separately, i t  can be ins truc ted  to 
index one desired keyword (eg. sampling) under which would appear a l l  
the t i t le s  which appeared under the other f iv e  words.
F in a lly , personal p ro f i le  cards could be b u i l t  up which would give 
a p a rt ic u la r  ind iv idua l a l l  the inform ation to  date on a s p e c ific  sub­
je c t  and only tha t sub ject. Because o f the speed o f e le c tron ic  data 
processing equipment, elapsed time between the date o f pub lica tio n  o f a 
paper and i t s  appearance in  the index can be reduced from months to 
days.
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ACHHR 6 RAPC A C 0 HP A»1. IMGTON C 0 UN T V DEPART VENT HF HU VAN RPSRj f : Cr S 
AIR POI. LUT I ON CONTROL ORDINANCE.
 " Ap L IN G'TGN C n i j N i y  {1 P T  VF N J QF HUNAN RFSCUFCFS
H ' r FAN nf - ENVIRONMENTAL HEALTH
1 ‘ i NORTH EDI SUN
/ '  L I GTON, V I R G I N I A  2 2 2 0 7 .
ACGIF 6  6  A S I A C G I H  AMf-P ICAN CONFERENCE GOVERNMENTAL INDUSTRI AL  h v g I F N I  
a i r  s a m p l i n g  ' I n s t r u m e n t s ~ e o r  " " e v a l u a t i  on n r  a t m o s p h e r i c  
CONTAMINANTS.
A M F P ICAN CONFERENCE OF GOVERNMENTAL INDUSTRI AL  HYOI ENISTS
1014 BFOAOWAY 
C INF. INMAT I .OH 10 6  5 ? 0 ? .
ACH IWC 6 8  A C F ACHINGEP DC 
SHIGFHAt-OA RT
A GUIDE FOR SELECTED SAMPLING METHODS FOP DIFFERENT S HU PC 
CON [ H T ION S.
J .  A PC A V O L . I P  #9  PP.  6 C 5 - 6C 9  / I  96 ft / .
A0 AM0 F 5 5 A0 I ADAMS OF 
l <opp [  p K
APPL I CATION O F  INS TPUMENTATION TO PULP VI L L  ATMCSPHFRIC 
D I SCHARGES.
TAPP I VOL . 4 1 #7 PP.  3 6 6 - 3 7 2  / 1 . 9 5 8 / .
ADAMDF59AAA ADAMS OF 
KOPPE PK
DANA AJ
AN AUTOMATIC ATMOSPHERIC FLUOR IDF ANALYZER WITH A P P L I C A T I  
TO OTHER POLLUTANTS.
APCA J . V O L . 9  PP.  1 6 0 - 1 6 8  / I  9 5 9 / .
ADAM CF59CCA ADAMS DF 
KOPPF PK
GAS CHF OMATOGPAPHIC ANALYSI S  OF H 2 S S02 MF«CAPT AMS AMP 
ALKYL SULPHIDES AND D I S U L PH I D ES .
TAPP!  V O L . A 2 M l  PP.  6 0 1 - 6 0 5  / 1 9 5 P / .
ADAM DF60 A AH ADAMS DF
AN AUTOMATIC HF RECORDER PROPOSED F OR I NDUSTRI AL  HYG1CNL 
AND STACK '^!N [TOR IMG.
ANALYTICAL CHEM. V O L . 7? H 9 P P . 1 3 1 2 - 1 3 1 6  / 1 9 6 G / .
AD P y  F65 AflK A D AM S D~F""""
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